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Description 



[0001] This invention relates to novel 2.7-clihalofluorenes which are substituted at the 9-position and methods for 
the preparation of such 9-substituted 2,7-dihalofluorenes. This invention also relates to 2,7-aryi-9-substltuted fluorenes 

5 and 9-substltuted fluorene oligomers and polymers prepared therefrom. The invention further relates to processes for 
the preparation of such fluorenes, oligomers and polymers. The invention also relates to films and coatings prepared 
from such fluorenes, oligomers and polymers and processes for preparing such films and coatings. 
[0002] Polymers and oligomers of fluorenes substituted by alkyi groups at the 9-carbon position have been reported 
by Fukuda et al.. Japanese Journal of Applied Physics, Vol. 28. pp. L1433-L1435 (1989). Such polymers are disclosed 

10 as useful as luminescing materials in the preparation of light-emitting diodes. These polymers were prepared by the 
Kovacte procedure wherein the appropriate fluorene monomers were treated for several days with a large excess of 
oxidizing metal salts such as ferric chtoride. The structures are represented as poly(fluorene-2.r<liyls). In a later article. 
Fukuda disctoses that the procedure used resulted In significant crosslinking and misiinking reactions during the po- 
lymerization. See Fukuda et al.. Journal of Polymer Science. Polymer Chemistry Edition, Vol. 31 . pp. 2465-2471 (1 993). 

15 Brown et al., Joumal of Polymer Science. Polymer Chemistry Edition, Vol. 24. pp. 255-267 (1 989) disdose the presence 
of substantial chemical defects under the reaction conditions of the Kovacto procedure, in particular, a significant 
number of polynuclear structures result. In addition, the oxidative polymerization is not regiospeclfte and the coupling 
of fluorenes through other positions, such as the 3.5'- and 3.6'^)OSitions. frequently occurs. In addition, it is possible 
that branching may occur as a result of attachment of more than two other fluorene molecules to a given fluorene 

20 molecule, thereby creating trifunctional materials which could crosslink during the preparation process. The presence 
of such by-products can result In low molecular weight oligomers and polymers with low degrees of polymerization. 
Further, such materials demonstrate a high polydisperslty and low glass transitton temperatures. Such problems result 
In poor film formation properties and poor properties in any films prepared in that such films may demonstrate unac- 
ceptable mechanical properties and low heat resistance. Furthemiore, the oxkJatlve coupling process is very stow, 

25 [0003] In one aspect, the invention relates to novel 2,7-dihalofluorenes having substituents in the 9-posltton. In one 
embodiment, the fluorene is substituted at the 9-position by two moieties selected from C,.2o hydrocarbyl moieties and 
hydrocarit)yl moieties which contain one or more heteroatoms selected from S, N, O. P and Si. In another em- 
bodiment, the fluorene Is substituted at the 9-position by a ring structure, a C4.20 ring structure containing one 
or more heteroatoms selected from S. N and 0. a hydrocarbylidene moiety or a hydrocartjylidene moiety which may 

30 be further substituted. In the embodiment where the 9-positlon is substituted with a hydrocarbylidene moiety, the cartxm 
of the hydrocarbylidene moiety connected to the carbon at the 9-posltion is doubly bonded to such carbon. 
[0004] In a second aspect, this invention relates to 2,7-fluorenyl oligomers and polymers of the above-described 
compounds, as well as certain crosslinked derivatives thereof. 

[0005] In another embodiment, the invention relates to 9-substituted fluorene polymers which are temiinated at the 
35 temilnal 2- and 7'-positk)ns with a hydrogen or halogen wherein the polymers have weight average molecular weights 
of 1 0.000 or greater and polydlspersities of 3.0 or less. 

[0006] The polymers and oligomers of the Invention do not contain a significant amount of misformed polynuclear 
structures or bonding through positions other than the 2- and 7'iJosltlons. The fluorene polynuclear rings can further 
be substituted at the 3-. 4-, 5- or 6-positions with substituents whteh do not adversely affect the properties off the 2,7-aryl- 
40 9-substituted fluorenes or 9-substituted fluorene oligomers and polymers or subsequent processing of such materials 
for their intended uses. 

[0007] Another embodiment of the invention involves a process for the preparation of 2.7-aryl-9-substituted fluorenes 
and 9-substituted fluorene oligomers and polymers. The process comprises contacting one or more 2.7-dlhalo-9-sub- 
stituted fluorenes with a haloaromatic compound or haloaromatic compounds, the aromatic group preferably being 

45 further substituted with a reactive group capable of crosslinking or chain extenston or a trialkylsitoxy moiety, in the 
presence of a catalytic amount of a divalent ntekel salt, at least a stoichiometric amount of zinc.powder and a trihydro- 
carbylphosphine in a polar solvent and an optkjnal co-solvent comprising an aromatto hydrocart)on or ether, under 
conditions such that a 2,7-aryl-9-substituted fluorene or a 9-substituted fluorene oligomer or polymer is prepared. Suit- 
ably, the divalent nickel salt is present in an amount of from 0.01 to 20 mole percent based on the amount of haloaromatic 

so compound and 2.7-dihalof luorene. zinc powder is present in an amount of 1 00 mole percent to 300 mole percent based 
on the haloaromatic compound and 2,7-dihalof luorene, triarylphosphine is present in an amount of from 1 0 to 50 mole 
percent based on the hatoaromatic compound and 2.7-dihalofluorene and a compound capable of accelerating the 
reactton is present In an amount from 100 to 150 mole percent based on the divalent salt. 

[0008] The 9-substituted fluorene oligomers and polymers terminated at the tenninal 2- and r-posittons with hydro- 
55 gen or a halogen are prepared by the process described above In the absence of a haloaromatic compound. 

[0009] In another embodiment, the invention comprises films or coatings comprising 2.7-aryl-9-substltuted fluorenes 
or 9-substituted fluorene oligomers or polymers. Such films may be prepared by applying a composltton comprising 
the 2.7-aryl-9-substituted fluorenes or 9-substituted fluorene oligomers or polymers to a substrate and exposing the 
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IS 



20 



applied composition to conditions such that a film is prepared. « . 

[001 01 Further, the 2,7.ary|.9-substituted fluorenes or 9-substituted fluorene oligomers or polymers may be B-staged. 
partially crossllnked or chain extended, to prepare a composition which may be used to prepare coatings or films as 

described hereinbefore. , ^ ^^^^^ 

[0011] The 2 7-aryl-9-substituted fluorenes or 9-substltuted fluorene oligomers or polymers demonstrate fluores- 
cence, high glass transition temperatures or liquid-crystalline properties and facilitate the preparation of films which 
have high heat resistance and solvent resistance. The 9-substltuted fluorene oligomers and polymers demonstrate 
low polydisperslties. Polymers based on 2.7-ary|.9.substituted fluorenes and 9-substituted fluorene oligomere and 
polymers which have high molecular weights can be prepared if desired. The 2.7-ary1*substituted fluoreries or d^ub- 
stituted fluorene oligomers or polymers may be used to prepare films or coatings which may be used In polymeric light- 
emitting diodes, preferably as the emitting layer. Additionally, such films or coatings may be used as protective layers 
in electronic devices or as fluorescent coatings in a wide variety of uses. 

[001 2] -nie 2.7-dihalo-9-disubstituted fluorenes are described by Fonnula I and the 2,7.dihalo-9-hydrocarbylidenylflu- 
orenes are described by Fonnula II, 




(I) 




(II) 



CHR* 



25 wherein R\ R2. R3 X. and a are as defined below. ^ , . ' ^ . 

[0013] In one preferred embodiment, the 2,7.dihalo-9-hydrocarbylidenylfluorene is a 2,7-dihalo-9-ben2ylidenyfflu- 

orene which corresponds to Formula III, 



30 



35 




(III) 



40 



wherein R2, R^. X. a and b are as defined below. 
[001 4] The compounds of this invention are generally solid, crystalline materials. Generally, the compounds have a 

melting point In the range of CPC to 300«'C. ' . ^ « 

45 [001 61 Hydrocarbylidene, as used herein, shall mean a hydrocarbyl moiety bound by a double bond to the 9-position 

of the fluorene ring. . ^« 

[001 61 In a preferred embodiment, the 2.7-aryl-9-substituted fluorenes and 9-substituted fluorene oligomers or pol- 
ymers correspond to Formula IV. 



so 



55 
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CHR* 



wherein E, . R2, R3, X. a, m and n are as defined below and substantially all of the monomer units are connected 
to end moieties or other monomer units through the 2- and 7-cartx)n atoms. 

[0017] E is halogen, hydrogen or an aryl moiety which may optionally be substituted with a reactive group capable 
15 of undergoing chain extension or crosslinking, or a trialkylsiloxy group. As used herein, a reactive group capable of 
undergoing chain extension or crosslinking refers to any group which is capable of reacting with another of the same 
group or another group so as to form a link to prepare oligomers or polymers. Preferably, such reactive group is a 
hydroxy, cyanato. glycldyl ether, acrylate ester, methacrylate ester, ethenyl, ethynyl, maleimkle, nadimide, trifluorovinyl 
ether moiety or a benzocyclobutene moiety. E is preferably halogen, aryl or aryl substituted with a reactive group 
20 capable of undergoing chain extension or crosslinking or a trialkylsiloxy moiety. E is even more preferably aryl or aryl 
substituted with a reactive group capable of undergoing chain extension or crosslinking or a trialkylsiloxy E is most 
preferably a phenolic, a cyanato-substituted phenyl or a benzocyclobutene moiety. 

[0018] R^ is independently in each occurrence C^,20 hydrocarbyl; C,.20 hydrocarbyl containing one or more heter- 
oatoms selected from S. N, O. P and Si; C4.16 hydrocarbyl carbonyloxy. or (C9.16 aryl)trialkylsiIoxy. or both of R^ together 

25 with the 9-carbon on the fluorene may form a C5.20 ring structure or a C4.20 ring structure containing one or more 
heteroatoms selected from S. N. and O. Preferably, Ri is C^.^g a'M. Cg-io anrl or alkyi-substituted aryl. C4.,6 hydro- 
carbylcarbonyloxy or (C^^q aryl)trialkylsiloxy moiety. In the embodiment where the two Ri form a ring structure with 
the 9-carbon atom of the fluorene ring, the ring structure fomned is preferably a C5.20 straight- or branched-ring structure 
or a straight- or branched-chain ring structure containing one or more heteroatoms selected from S, N and O; 

30 even more preferably a C5.10 aliphatic ring or a C4.10 aliphatic ring containing one or more of S or O; and most preferably 
a C5.10 cycloaikyi or C4.10 cycloalkyi containing oxygen. _ 
[0019] R2 is independently in each occurrence a C1.20 hydrocarbyl, hydrocarbyloxy. thioether, C1.20 hy- 
drocarbyloxycarbonyl. 0^.20 hydrocarbyicarbonytoxy. cyano. thiocyano, Cg-ia thioaryl, C1.20 alkylthkj or hydroxy. R is 
preferably .12 alkyi, C^^ 0 aryl or alkyl-substituted aryl. Cg-io aryioxy or aikyi-substltuted arytoxy. C^.^a alkoxycarbonyl. 

35 Coin aryloxycarbonyl or alkyl-substituted aryloxycarbonyl. C1.12 alkoxy. C1.12 alkylcarbonytoxy. Cq^^q arylcarbonyloxy 
or alkyl-substituted arylcarbonyloxy, cyano. thiocyano. thioaryl. Cyj^o alkylthio or hydroxy. Even more preferably, 
R2 is alkoxy. phenoxy, C,^ alkyI, phenyl or cyano. 

[0020] R3 is independently in each occurrence .20 hydrocarbyl or .20 hydrocarbyl substituted with di(Ci .20 aikyi) 
amino. C,^ hydrocarbyloxy. C1.20 hydrocarbyl or Xr\{C^,^o alkyl)slloxy. R3 is preferably a straight- or branched- 

40 chain aliphatic, a C1.20 straight- or branched-chain aliphatk: containing one or more cycloaliphatic rings, Qb.20 aryl or 
C7 20 alkyl-substituted aryl moiety, optionally substituted with a di(Ci^ alkyl)amino, C^.2d hydrocarbyl. trl(Ci.io ail<yO 
siloxy or 20 hydrocarbyloxy moiety. R3 is more preferably a C3.10 aliphatto, a C3.10 aliphatic containing one or more 
cycloaliphatic moieties, phenyl or phenyl substituted with di(Ci.i2 alkyl)amino; C^.io alkoxy, Ce-io aryioxy or alkyl- 
substituted aryioxy. C^.^q alkyI or Ce.10 aryl or alkyl-substituted aryl or tri (C^^ alkyl)siloxy. Even more preferably, R3 

46 is phenyl or phenyl substituted with dl{Ci^ alkyl)amlno. C^io alkoxy or C^io alkyl. 

[0021] m and n are 0 or non-negative numbers and n+m >1. It is preferred that n+m ^ 10. and further that m is 
independently in each occurrence a number of from 1 to 100. n is Independently in each occurrence a number of from 
0 to 100.. 

[0022] X is halogen, preferably chlorine or bromine; but most preferably bromine. 
50 [0023] a is independently in each occurrence 0 or 1 . 

[0024] In a preferred embodiment, the 2.7-aryl-9-substituted fluorenes and 9-substituted fluorene oligomers or pol- 
ymers correspond to Formula V. 



55 
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(V) 



wherein: 

E, R^' R2, a, m and n are as defined hereinbefore; 

Is Independently in each occurrence di(Ci^ all<yl)amino, C,^ hydrocarbyloxy. tri(Ci.,o alkyl)siloxy or C^zo 

hydrocarbyl; and ^ * i ui 

b is independently In each occun^ence a number of from 0 to 3, preferably no greater than 2, and most preferably 

no greater than 1 . 

[0025] is preferably di(Ci.i2 alkyl)amino, C^.^q all^oxy. Cg-io aryloxy or alkyl-substltuted aryloxy. tri(Ci^ alkyi) 
siloxy, Ci 10 or ^e-io o'' alkyl-substituted aryl. Even more preferably. R^ is di(Ci^ alkyl)amlno. Ci.^o alltoxy 
or Ci *io alM- another embodiment, preferably C^.^q ali<yl, Cg-io aryl or C7.10 alkyI aryl and more preferably C^.^q 
alkyl. Preferably, b is 0 to 2, and most preferably b is 1 . 

[0026] In one preferred embodiment, the aryl moieties at the terminal 2- and 7- or r-position (tenm inal position) have 
acrylate and methacrylate ester reactive groups preferably corresponding to Formula VI. 



o 

II . 

— OCC(R«) — CHR« 



(VI) 



wherein: 

R5 is hydrogen or C^^ alkyl. preferably hydrogen or methyl, and 

Pfi is hydrogen. hydrocarbyl or C,^ hydrocarbyloxy, preferably hydrogen or C^^go hydrocarbyl. 

[0027] More preferably, R® is hydrogen. C^.^o alkyl or Cg-io aryl or alkyl-substituted aryl. Even more preferably, R« 
is hydrogen, C^^ alkyl or phenyl. Most preferably. is hydrogen. 

[0028] In another pref en-ed embodiment, ethenyl, and aryl moieties^it the terminal position correspond to Fomiula VII , 

-C(R^)= C(R^)H (VII) 

• vvherein: 

R7 is Independently in each occurrence hydrogen, hydrocarbyl orC,^ hydrocarbyloxy. Preferably, R^ is 
hydrogen. C^io alkyl, Ce-10 aryl or alkyl-substituted aryl or C,^ alkoxy. More preferably, R^ is hydrogen, C,^ alkyl, 
phenyl or C^^ alkoxy. 

[0029] In one embodiment, the E is a benzocyclobutene moiety which preferably corresponds to Formula VIII, 
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wherein: 

Is Ci .20 a^ky*. Ci .20 alkoxy. .20 alkylthlo. Cg-ao ary*. Cg-ao aryloxy, arylthio, C7.20 aralkoxy. C7.20 alkaryloxy, 
C7.20 alkarylthio, C7.20 aralkyi, C7.20 aralkoxy, C7.20 aralkylthto, cyano. carboxylate. 0^.20 hydrocarbylcarbonyloxy, 
C1.20 hydrocarbylsulfinyl, hydrocarbylsulfonyl, amino or 0^.20 dlalkylamlno; 

R9 Is cyano, carboxylate. C1.20 hydrocarbylcarbonyloxy, nitro, halo, 0^20 hydrocarbylsulfonyl, hydrocarbyl- 
sulfinyl, C1.20 alkyi, amido or 0^20 hydrocarbyloxy preferably C1.20 hydrocarbyloxy or cyano; 
c is 0 or an integer of 1 to 3, preferably from 0 to 1 and most preferably 0; and 
eisOorl. 

[0030] As used herein 2,7-aryl-9-substituted fluorenes Include compounds where either of m orn is 1 and the other 

isO. 

[0031] In one preferred embodiment, the invention comprises 2,7-aryl-9,9-dihydrocart)yl- or cyclohydrocartxiiylflu- 
orenes and 9,9-dihydrocarbyl- or cyclohydrocarbdiylfluorene oligomers and polymers which coaespond to Fonnula IX, 




wherein E, R^, a and m are as described hereintiefore. 
[0032] In another embodiment, the invention comprises 2,7-aryl-9-hydrocarbylidenylfluorenes and 9-hydrocart)yH 
denylfluorene oligomers and polymers thereof which preferably correspond to Formula X, 




wherein E, R^, R^, a and n are as described hereinbefore, and n is at least 1. 
[0033] In one preferred embodiment, the 2,7-aryl-9-hydrocarbylidenylfluorenes and 9-hydrocarbylkjenylfluorene ol- 
igomers and polymers are 2,7-aryl-9-ben2ylldenylfluorenes and g-benzylkJenylfluoreneollgomers and polymers whksh 
correspond to Formula XI, 



6 



EP 0 842 208 B1 




(XI) 
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30 



35 



40 



wherein E, R2, R^, a, b and n are as described hereinbefore, and n is at ieast 1. 
[0034] As used herein, 2,7-aryl-9-substituted fiuorenes includis compounds corresponding to Fomiulas IX, X or XI 
where m or n is 1 . As used herein, 9-substituted fluorene oligomers and polymers correspond to Fonnutas IX, X or XI 
wherein m or n is greater than 1 and Formulas IV and V where both m and n are 1 or greater. 
[0035] The fiuorenes and fluorene oligomers or polymers of the invention demonstrate strong photoluminescence 
in dilute solutions or in the solid state. When such materials are exposed to a light of a wavelength of 300 to 700 
nanometers, the materials emit light of wavelengths in the region of 400 to 800 nanometers. More preferably, such 
materials absorb light of wavelengths of from 350 to 400 nanometers and emit light of wavelengths In the region of 
400 to 650 nanometers. The fiuorenes and fluorene oligomers or polymers of the iavention are readily soluble In com- 
mon organic solvents. They are processable into thin films or coatings by conventional techniques. Upon curing, such 
films demonstrate resistance to common organic solvents and high heat resistance. Generally, the fluorene oligomers 
and polymers are liquid crystalline in nature. The fiuorenes and fluorene oligomers or polymers of the invention are 
capable of crossllnking to form solvent resistant, heat resistant films at lOO^C or more, more preferably at ISO'C or 
more. Preferably, such crosslinking occurs at 360*»C or less, more preferably 300°C or less and most preferably 250*'C 
or less. The fiuorenes and fluorene oligomers or polymers of the invention are stable at 100PC or more and more 
preferably 1 50*C or more. Stable, as used herein, means that such monomers or oligomers do not undergo crosslinking 
or polymerization reactions at or below the stated temperatures. 

[0036] The fluorene oligomers or polymers of this invention preferably have a weight average molecular weight of 
1000 Daltons or greater, more preferably 5000 Daltons or greater, even more preferably 10,000 Dattons or greater, 
even more preferably 15.000 Daltons or greater and most preferably 20,000 Daltons or greater; preferably 1 ,000.000 
Daltons or less, more preferably 500,000 Daltons or less and most preferably 100,000 Daltons or less. Molecular 
weights are determined according to gel pemieatlon chromatography using polystyrene standards. 
[0037] Preferably, the 9-substltuted fluorene oligomers or polymers demonstrate a polydispersity (Mw/Mn) of 5 or 
less, more preferably 4 or less, even more preferably 3 or less, even more preferably 2.5 or less and most preferably 
2.0 or less. 

[0038] "Hydrocarbyr as used herein shall mean any organic moiety containing only hydrogen and cartxjn unless 
specified othenwise, and may include aromatic, aliphatic, cycloaliphatic and moieties containing two or moreof aliphatto, 
cycloaliphatic and aromatic moieties. 

[0039] The 2,7-dihalo-9.9-dihydrocarbyi-fIuorenes may be prepared by reacting a 2.7-dihalofluorene with at least 2 
moles of hydrocarbyl halide in the presence of a phase transfer catalyst and an alkali metal hydroxide. One embodiment 
of this process is described in Equation 1 : 



45 



so 




+ 2R^— X 



MOH 
PTC 




2HX 



Equation 1 



wherein H\ R2. X and a are as previously defined, and M is an alkali metal and PTC is phase transfer catalyst. 
[0040] Preferred hydrocarbyl halides are C^^2 a*ky* halides and 0^.10 aryl or alkaryl halides. More preferable are 
55 the alkyi halides. 

[0041] The hydrocarbyl halide is contacted with the 2,7-dihalofluorene in a mole ratio such that a high yield of 2.7-di- 
halo-9.9-dihydrocarbylfluorene is prepared. Preferably, the mole ratio of hydrocarbyl halide to 2.7-dlhalofluorene is 2: 
1 or greater, more preferably 2.2:1 or greater and even more preferably 3:1 or greater. Preferably, the mole ratto of 
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hydrocarbyl halide to 27-clihalofluorene is 6:1 or less, more preferably 5:1 or less and most preferably 4:1 or less. 
[00421 The process is performed in the presence of an alkali metal hydroxide in a sufficient amount to facilitate the 
efficient reaction of the hydrocarbyl halide or hydrocarbyl dihalide with the 2,7-dihalofiuorene. Preferably, 2 equivalents 
or greater of alkali metal hydroxide is used in relation to 2,7-dihatofluorene and, more preferably 3 equivalents or greater 
of alkali metal hydroxide. Preferably. 20 equivalents or less of alkali metal hydroxide per equivalent of 2,7-dihatofluorene 
are used, more preferably 8 equivalents or less and most preferably 4 equivalents or less. Preferred alkali metal hy- 
droxides useful are sodium hydroxide and potassium hydroxide, with sodium hydroxide being most pretended. 
[0043] This process is an Interfacial process using phase transfer catalysts. Any phase transfer catalyst known to 
those skilled in the art may be used. A sufficient amount of such phase transfer catalyst to facilitate the reactton of the 
hydrocarbyl halide or hydrocarbyl dihalide with the 2,7-dihalofluorene in a reasonably efficient manner is used. Pref- 
erable phase transfer catalysts include quaternary ammonium salts, quaternary phosphonium salts, polyethylene gly- 
cols and crown ethers. More preferred phase transfer catalysts are the quatemary ammonium satts. Examples of 
preferred quaternary ammonium salts useful as phase transfer catalysts include benzyltrimethylammonium chtoride, 
benzyltriethylammonium chloride and tetrabutylammonium bromide. The phase transfer catalysts preferably are used 
in an amount of 0.0001 mole or greater of catalyst per mole of 2,7-dihalofluorene, more preferably 0.001 mole or greater 
and even more preferably 0.01 mole or greater. Preferably, 0.2 mole or less of catalyst per mole of 2.7-dihalofluorene 
Is used, more preferably 0.15 mole or less and even more preferably 0.02 mole or less. 

[0044] The 2,7-dlhak}-9,9-cyclohydrocarbdiylfluorene may be prepared by contacUng 1 mole of 2,7-dihalofluorene 
with 1 mole of hydrocarbyl dihalWe In the presence of a catalytic amount of a tetraalkylarnmonium hydroxide. 
[0045] This process is described in Equation 2: 




M20H 



Equation 2 




wherein: 



R2 X and a are as previously defined; 
M2 is a tetraalkylammonium moiety; and 

is a C5.20 straight- or branched-chain aliphatic divalent moiety or C4.20 straight- or branched-chain aliphatto 
divalent moiety containing one or more heteroatoms selected from S, N and O. 

[0046] Preferred hydrocarbyl dihalides are straight- or branched-chain aliphatic dihalides or C3.20 straight- or 
branched-chain aliphatic dihalWes containing one or more heteroatoms selected from S, N and O. More preferred 
hydrocarbyl dihalkJes are C4.i\, aliphatto dihalides or C3.10 aliphatto dihalides containing one or more of S or O. Even 
more preferred hydrocarbyl dihalides are C3.10 a'kyl dihalides and C3.10 alkyi ether dihalides (Ca.,© a'M dihalWes 
containing an oxygen). R^^ is more preferably a C4.10 aliphatto divalent moiety or a C3.10 aliphatto divalent moiety 
containing one or more of S or O. R^^ is even more preferably a divalent C4.10 aikyi and C3.10 aikyi ether (C3.10 alkdiyi 
containing an oxygen). Preferably, hydrocarbyl halides are used in this process. 

[0047] The 2,7-dihato-9-hydrocarbylidene fluorenes of the invention may be prepared by the reaction of a 2.7-di- 
halofluorine with a hydrocarbylaWehyde or a substituted hydrocarbylaldehyde in the presence of base as a catalyst. 
Preferably, the aldehyde corresponds to the formula 

O 

i 

wherein R3 is as defined previously. In a more preferred embodiment, the hydrocarbyl moiety is a phenyl, a 
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substituted phenyl, a C3.10 aliphatic moiety or a C^^q cycloaliphatlc moiety and the aldehyde is t>en2aldehyde, substi- 
tuted benzaldehyde, C3.10 aliphatic aldehyde or C5.10 cycloaliphatlc aldehyde. This reaction is illustrated by Equation 3: 



5 



10 





Equation 3 



25 

wherein X. R2. R3 and a are as previously defined. 
[0048] The 2,7-dihalofluorene is reacted with a sufficient amount of hydrocarbylaldehyde to prepare the hydrocarb- 
ylidene-substituted 2,7-dihalofluorenes in high yield. Preferably, the mole ratio of hydrocarbylaldehyde to 2,7-dlhaloflu- 
orene is 1 .0 or greater, more preferably 1 .5 or greater and even more preferably 2 or greater. Preferably, the mole ratio 

30 of hydrocarbylaldehyde to 2,7-dihalofluorene is 6 or less, more preferably 3 or less and most preferably 2 or less. 

[0049] "me 2,7-dihalo-9.9-bis-C4.i6 hydrocarbyl carbonyloxy- substituted 2.7-dlhalofluorenes may be prepared by 
base catalyzed addition of 2.7-dihalof luorene to alkyi acrylates and alkyi methacrylates as described in US-A-3,641 .115. 
[0050] The 2,7-dihalo C^^ 5 aryl(trlalkylsiloxy)-substltuted fluorenes may be prepared by the following process. 2,7-di- 
halofluorenone is reacted with phenol in a mixture of methanesulfonic acid and 3-mercaptopropionic acid to provide 

35 2,7-dihalo-9.9-bis-(4-hydroxyphenyl)fluorene which is then treated with a trialkylsilyl chtoride In the presence of a base 
to yield the 2,7-dihalO'9,9-bis(4-trialkylsiloxyphenyl) fluorene. 2,7-Dihalofluorenone can be prepared by the oxidatton 
of 2,7-dihalofluorene with oxygen in the presence of a base, such as potassium t-butoxide, in t-butyl alcohol. The 
conditions for this process are disclosed in Yang, "Novel Cart>on Catalysts: Oxidation in Baisis Solution.' J. Organfc 
Chemistry, Vol. 58, p. 3754 (1958). Alternatively. 2,7-dihalofluorene can be oxidized to 2,7-dihalofluorenone by con- 

40 tacting it with chromium oxide (CrO^ in acetfc acid according to the process disclosed in Hodgkinson et al.. J. Chem. 
Soc. Vol. 43, pp. 163-172 (1983). The 2,7-dihak)fluorenone is contacted with 3 to 10 equivalents of phenol In the 
presence of from 30 to 100 percent by weight of methanesulfonic acid and from 2 to 10 percent by weight of mercap- 
topropionlc acid. The reactton is preferably performed at a temperature off ffrom 20*C to 50**C. The 4-hydroxyphenyl- 
dihalofluorene is recovered by conventional techniques before reaction with the trialkylsilyl chtoride. 

45 [0051] The 2,7-dihak>-9.9-bis{4-hydroxyphenyl) fluorene is contacted with from 2.2 to 3.0 equivalents of trialkylsilyl 
chloride In the presence of from 3.0 to 6.0 equivalents of base. The reaction is preferably perfonned at a temperature 
of ffrom 20°C to 40*»C. The reaction is performed in a solvent of dlmethylformamide and dimethylacetamide. Imidazole 
Is the preferred base. The 2,7-dihato-9,9-bis(4-trialkylsiloxyphenyl)fluorene can be recovered by conventional tech- 
niques. 

so [0052] The 2,7-dlhato-9-substituted fluorenes may be further substituted on the 3-, 4-, 5- and/or 6-positton by any 
suitable synthesis technique. Preferably, the 3-, 4-, 6- and/or 6-posltlons are substituted prior to substitution at the 
9-posltion. In many instances, the reaction sequence to place substituents at the 3-, 4-. 5- and/or e-position may result 
in unwanted substitution on the substituents at the 9-position if the substitution is perfonned after the 9-position sub- 
stitution. 

55 [0053] Tbe 2,7-aryl-9-substituted fluorene oligomers and polymers of the Invention are prepared by contacting one 
or more 2,7-dihalo-9-substituted fluorenes with a haloaromatic compound in the presence of a nickel (zero valent) 
catalyst or other catalysts suitable for use in processes for the de-halogen-coupling off aryl halides. The 9-substituted 
fluorene oligomers and polymers terminated at the temilnal 2- and 7*-positk)ns with hydrogen or a hatogen may be 
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prepared by coupling the 2,7.-dihalo-9-subsituted fluorenes to each other in a suitable process for the coupling of aryl 
halides. The nickel (zero valent) catalyst may be prepared in situ by contacting a divalent nickel salt with a reducing 
agent in the presence of a material capable of acting as a ligand and optionally a material capable of accelerating the 
reactions. Preferably, the 2,7-dihalo-9-substituted fluorene corresponds to Formulas XII or XIII (same as Fonmulas I 
and II respectively). 



10 
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CHR' 



(XII) 



(XIII) 



wherein R2, R3 and a are as previously defined and X Is a halogen moiety. In Formulas XII and XIII, X is 
20 preferably bromine or chlorine. 

[0054] The 2,7-dihalo-9-substituted fluorenes and 2,7-dihalo-9-hydrocarbylidenylfiuorenes are prepared from 2,7-di- 
halofluorene. which is commercially available, by the processes described herein. 

[0055] TTie haloaromatic compound used to prepare the 2.7-aryl-9-substituted fluorenes and 9-substituted fluorene 
oligomers and polymers comprises an aromatic compound substituted on the ring with a hatogen and may further be 
25 substituted with a moiety capable of crosslinking or chain extension. Preferably, such compound oon^esponds to the 
formula X-Ar, wherein X is as previously defined and Ar is an aryl moiety or an aryl moiety substituted with a moiety 
capable of crosslinking or chain extension or a trialkylsitoxy moiety. 
[0056] Preferably, the haloaromatic compound corresponds to Formulas XIV or XV, 



30 



35 




(XIV) 



40 



or 



45 




(XV) 



wherein: 

so RB, R9. c and e are as defined above and 

Z is a trialkylsiloxy, glycidyl ether, acrylate ester, methacrylate ester, ethenyl, ethynyl, maleimide or a trifluorovinyl 
ether moiety, nadimlde, or hydroxy. Preferably, Z is a trialkylsiloxy moiety, ethenyl. ethynyl, maleimide or trifluor- 
ovinyl ether moiety. More preferably, Z is a trialkylsiloxy moiety. 

55 [0057] In one preferred embodiment, the hatoaromatic compound is a halogen-substituted benzocyclobutene moiety 
according to Formula XIV. 

[0058] The 2,7-dihalo-9-substltuted fluorenes of the Invention are useful in preparing oligomers which can be used 
to form films. Such films can be used in polymeric light-emitting diodes. Preferably, such films are used as emitting 
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layers. The oligomers of 2.7-dlhalo-9-substituted fluorenes are prepared by reacting 2,7-dihalo-9-substituted fluorenes 
with a haloaromatic, such as a halobenzene, further substituted with a reactive end-group such as ethenyl, ethynyl, 
malelmlde, nadlmlde, trifluorovinyl ether or cyclobutene ring. Such reaction is perfonned using a nickel-zinc coupling 
reaction wherein the degree of ollgomerizatlon can be controlled by the ratio of reactants. 

[0059] The preparation of the 2,7-diaryl-9-substituted fluorenes and the 9-substituted f luorene oligomers or polymers 
may be Illustrated by Equations 4 and 5. 



10 
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20 



25 




Equation 4 



30 



n 



3S 




CHR3 



40 



45 




SO 



Equation S 



[0060] The 2,7-dlhalo-9-substituted fluorene and haloaromatic compound may be contacted In a wide range of ratios, 
depending upon the desired degree of oligomerization or polymerization. Preferably/the mole ratio of 2,7-dihalo-9-sub- 
55 stituted fluorene to haloaromatic compound is 1 :2 (i.e. 0.5:1 ) or greater, preferably 1 :1 or greater and more preferably 
2:1 or greater. Preferably, the ratio is 50:1 or less, and more preferably 25:1 or less. 

[0061] In the emiwdiment wherein it is desired to prepare a 2,7-diaryl-9-substituted fluorene (where n is 1 ), the mole 
ratio of 2,7-dihalo-9-substltuted fluorene to haloaromatic compound is 1 :2. In the embodiment where oligomers or 
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polymers are desired (where m+n is greater than 1 ), a greater ratio of 2,7<lihalo-9-substituted fluorene is used relative 
to the haloaromatic compound. Higher ratios facilitate the preparation of higher molecular weight oligomers and poly- 
mers. 

[0062] In a preferred embodiment, the reaction of the 2,7-dihalo-9-substituted fluorene with haloaromatic compound 
5 tal^es place according to the procedures of Colon et al., described in Journal of Polymer Science, Part A, Polymer 
Chemistry Edition, Vol. 28, p. 367 (1990), incorporated herein by reference, and Colon et al.. Journal of Organic Chem- 
istry, Vol. 51. p. 2627 (1986). 

[0063] The resulting 2,7-diaryl-9-substituted fluorenes and 9-substituted fluorene oligomers and polymers are recov- 
ered according to conventional techniques; preferred techniques include filtration and precipitation using a nonsolvent 

10 Alternatively, in another embodiment, the 2,7-diaryl-9-substituted fluorenes and 9-sut>stituted fluorene oligomers and 
polymers may be prepared by a process disclosed in loyda et al., Bulletin of the Chemical Society of Japan, Vol. 63, 
p. 80 (1 990). Such method is similar to the method described hereinbefore. In particular, the catalyst is a divalent nickel 
salt introduced as a niclcel halide bis-trlphenylphosphine complex. The reaction may be performed in a variety of sol- 
vents including acetone, dimethylformamide. tetrahydrofuran and acetonitrile. The reaction is accelerated by the ad- 

is dition of 1 0 mole percent of an organo-soluble iodide such as tetraethylammonium iodide. Such a reaction is performed 
at a temperature of from 2(^0 to 1 0O^C for 1 to 24 hours. 

[0064] In another embodiment, the oligomers and polymers may be prepared via the processes disclosed by 
Yamamotto, Progress in Polymer Science, Vol. 17, p. 1153 (1992). In such process, 2,7-dlhalo-9-substituted fluorene 
monomers are contacted with at least a stoichiometric amount of nickel catalyst In the form of nickel (1,5-cyctooctadl- 

20 ene) complex and at least a stoichiometric amount of 1 ,5-cyclooctadiene as a ligand in an inert solvent, such as tet- 
rahydrofuran. The reaction is preferably conducted at 70°C or higher for 2 or more days. In another embodiment, the 
subject compounds of the invention may be prepared by the process disclosed in Miyaura et al.. Synthetic Communi- 
cation. Vol. 11, p. 513 (1981) and Wallow et al.. American Chemical Society Polymer Preprint Vol. 34. (1), p. 1009 
(1993). In such process, 2,7-dihalo-9-substituted fluorenes are converted to the corresponding diboronte acid by re- 

25 acting the 2.7-dillthlo- or 2.7-diGrignard-9-substituted fluorenes with trialkyi borates. M. Rehalin et al., as discbsed in 
Makromoleculaire Chemie. Vol. 1 91 , pp. 1 991 -2003 (1 990). The diboronk; ackJ is then reacted with a 2,7-dihaloflourene 
in the presence of a catalytic amount of tetrakistriphenylphosphine palladium and an aqueous base at 7(fC or higher 
for 10 to 100 hours in an inert solvent, for instance toluene and ethanoi. 

[0065] In the embodiment wherein the reactive moiety on the aryl moieties of the 2,7-aryl-9-substituted fluorene or 
30 2,7'-aryl-9-substituted fluorene oligomers and polymers are trial kylsiloxy moieties, the trialkylsiloxy moieties may be 
converted to hydroxy moieties by contact with concentrated acid, such as hydrochloric acid, in an organic solvent. 
[0066] A halophenyl trialkylsiloxy ether can be reacted with the 2.7-dihalo-9-substltuted fluorene to prepare an oli- 
gomer having end-groups comprising phenyl trialkylsiloxy moieties. This reaction sequence is illustrated by Equation 
6 wherein R^o is a C^^go ^'^yl moiety, preferably a C,^ alkyi moiety. The trialkylsiloxy moieties can be converted to 
35 hydroxy moieties by refluxing the resulting product In tetrahydrofuran and concentrated hydrochtoric acid. This reaction 
sequence is illustrated by Equatbn 7. 
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OSi(Rio); 



(R^*')3SiO 




OSi(R^o)3 



Equation 6 



(R^o)3SIO 




OSi(R^0)3 + HCI 




Equation 7 

[0067] The hydroxy moieties of the 2,7'-aryl substituents may be converted to cyanate moieties by well-known cya- 
nation reactions. See. for example. US-A-4.478,270; Martin, Organic Synthesis. Vol. 61 . p. 35; and Handbook of Pre- 
parative Inorganic Chemistry, p. 1.662 (1963). Academic Press. New York. This reaction sequence is illustrated by 
Equatton 8. 
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Equations 

25 [0068] In one preferred embodiment, the 2,7-hydroxyaryl-9-substituted fluorene or 2,r-hydroxyaryt-9-substltuted ftu- 
orene oligomer or polymer is contacted with cyanogen halide dissolved in a chlorinated hydrocarbon or a secondary 
or tertiary alcohol, in the presence of a tertiary amine at a temperature of €PC or less under conditions such that the 
hydroxy moieties are replaced with cyanate moieties. Preferably, the contacting occurs In the presence of a dilute base 
such as all^ali or alkaline metal hydroxides, a\ka\\ or alkaline metal carbonates, alkali or alkaline metal bicarbonates or 

30 tertiary amines. Preferred bases are the tertiary amines with the aliphatic tertiary amines being most preferred. This 
process is preferably run at a temperature of (fC or lower with temperatures of -10*'C or lower being most preffenred. 
It is preferable to perform such process under an inert gas atmosphere. The cyanated 2.7-aryl-9-substltuted fluorenes 
or 2.r-aryl-9-substituted fluorene oligomers or polymers may be recovered by washing the reaction solution with a 
dilute base to remove excess cyanogen chlorWe. The reaction solution is thereafter washed with water so as to remove 

35 any salt prepared from the hydrochloride by-product and base. The reaction solution is then contacted with this dilute 
acid to neutralize any base which may be present. Thereafter, the reaction solutton is contacted with water again so 
as to remove any other impurities and the cyanated 2.7-aryl-substituted-9-substltuted fluorenes and 2,r-aryl-9-sub- 
stituted fluorene oligomers or polymers are recovered by drying the solution with the use of a desstoant 
[0069] The reactions illustrated by Equations 6, 7 and 8 can also be performed starting with 9-hydrocart)ytidenyl- 

40 2,7-dihalofluorene. 

[0070] In another embodiment, the hydroxy moieties of the 2.7-hydroxyaryl-9-substituted fluorene or 2,r-hydroxyar- 
yl-9-substituted fluorene oligomer or polymer may be converted to glycldy! ether moieties by processes well known in 
the art. Such glycldyl ethers are preferably prepared by contacting the 2,7-hydroxyaryl-9-substituted fluorene or 2,7'- 
hydroxyaryl-9-substltuted fluorene oligomer or polymer with epihalohydrin under condittons to form aryl moieties with 
45 chlorohydrin groups at their temrilni. The chlorohydrin groups are dehydrohalogenated to fonm an epoxy or glycldyl ring 
by contacting them with sodium hydroxide. Such process is described In Handbook of Epoxy Resins. Lee and Neville 
(1 967). This process is illustrated by Equation 9. 
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Equation 9 

[0071] The 2.7-dlaryl-9-substituted fluorenes and Q-substituted fluorene oligomers and polymers are useful In pre- 
paring coatings and films. Such coatings and films can be useful as emitting layers In polymeric light-emitting diodes, 
in protective coatings for electronic devices and as fluorescent coatings. The thickness of the coating or film is depend- 
ent upon the ultimate use. Generally, such thicl<ness can be from .01 to 200 micrometers. In that embodiment wherein 
the coating is used as a fluorescent coating, the coating or film thickness is from 50 to 200 micrometers. In that em- 
bodiment where the coatings are used as electronic protective layers, the thickness of the coating can be from 5 to 20 
mrcrometers. In that embodiment where the coatings are used in a polymeric light-emitting diode, the thickness of the 
layer formed Is 0.06 to 2 micrometers. The compounds of the invention and their oligomers or polymers form good 
pinhole- and defect-free films. Such films can be prepared by means well known In the art including spin-coating, spray- 
coating, dip-coating and roller-coating. Such coatings are prepared by a process comprising applying a composition 
to a substrate and exposing the applied composition to conditions such that a film is formed. The conditions which form 
a film depend upon the application technique and the reactive end groups of the aryl moiety In a preferred embodiment, 
the composition applied to the substrate comprises the 2,7-diaryl-9-substltuted fluorene or 9-substltuted fluorene oli- 
gomers or polymers dissolved in a common organic solvent. Preferred solvents are aliphatic hydrocartwns. chlorinated 
hydrocarbons, aromatic hydrocarbons, ketones and ethers. It Is preferable that such solvents have relatively low po- 
larity. Preferably, the solution contains from 0.1 to 10 weight percent of the 2,7-diaryl-9-substituted fluorene or 9-sub- 
stituted fluorene oligomers or polymers. For thin coatings. It is preferred that the compositton contains from 0.5 to 5.0 
percent by weight of the 2,7-diaryl-9-substltuted fluorene or 9-substituted fluorene oligomers or polymers. This com- 
position Is then applied to the appropriate substrate by the desired method and the solvent Is allowed to evaporate. 
Residual solvent may be removed by vacuum and/or by heat. If the solvent is low boiling, then low solution concen- 
trations, for example, 0.1 to 2 percent, are desired. If the solvent is high boiling, then high concentrations, for example, 
3 to 10 percent, are desired. After removal of the solvent, the coating is then exposed to the necessary condittons to 
cure the film. If needed, to prepare a film having high solvent and heat resistance. The films are preferably substantially 
uniform In thickness and substantially free of pinholes. Preferably, the films are cured when exposed to temperatures 
of lOO^C or greater, more preferably 150°C or greater and most preferably 200**C or greater. 
[0072] Preferably, the films cure at a temperature of 300°C or less. 

[0073] In the preparation of the films, the composition may further comprise a catalyst suitable to facilitate or Initiate 
the curing of the films. Such catalysts are well known in the art. for instance, for materials having ethylenic unsaturation. 
a free radteal catalyst may be used. For aryl moieties with glycidyl ethers as end-groups, ureas or imidazoles may be 
used. In the preparation of films from fluorenes with glycidyl ether aryl-terminal moieties, such materials may be reacted 
with commonly known curing agents whteh facilitate cross-linking. Among preferred curing agents are tetrahydroph- 
thalk; anhydride, nadic anhydride and maleic anhydride. 

[0074] In another embodiment the 2,7-diaryl-9-substituted fluorenes and 9-substltuted fluorene oligomers or poly- 
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mers may be partially cured. This Is known as B-staglng. In such embodiment, the fluorenes and their oligomers or 
polymers thereof are exposed to conditions such that a portion of the reactive materials cure and a portion of the 
reactive materials do not cure. This is commonly used to improve the handleability of such a resin and can facilitate 
the preparation of the films. Such B-staged material can thereafter be used to prepare coatings by the means disclosed 
5 hereinbefore. Preferably, 10 mole percent or greater of the reactive moieties are reacted. Preferably, 50 mole percent 
or less of the reactive moieties are reacted. 

[0075] The following examples are included for illustrative purposes only and do not limit the scope of the claims. 
Unless othenwise stated, all parts and percentages are by weight. 

10 Example 1 - 2,7'-Dichloro-9,9-di(2-thvlhexvl)fluorene 

[0076] To a stirred mixture of 2,7-dichlorofluorene (43 g. 0.1 83 mole) and 1 20 mL of dimethytsulfoxWe (DMSO) under 
nitrogen was added benzyltrlethylammonlum chloride (2.3 g. 0.01 mole) and 60 mL of a 50 weight percent aqueous 
solution of sodium hydroxide. 2-Ethylhexyl bromide (85 g, 0.44 mole) was added and the mixture was agitated well for 

IS 2 hours. The reaction was exothermic, the temperature reaching 80°C within 5 minutes after the addition of 2-ethylhexyl 
bromide and then falling off to SO'C over the 2-hour reaction time. Analysis of an aliquot by high pressure liquid chro- 
matography (HPLC) showed the complete disappearance of 2,7-dlchlorofluorene and the formation of new product 
Water (200 mL), and diethyl ether (250 mL) were added to the reaction mixture, stirred for 15 minutes and the layers 
were separated. The organic layer was washed with a saturated aqueous NaCI solution, water, dried (MgS04) and 

20 evaporated to remove ether. Fractional vacuum distillation of the residue provided 2,7-dlchloro-9,9-di(2-ethylhexyl) 
fluorene as clear liquid, boiling point 200°C/1 mm Hg (133 Pa), (79 g, 94 percent yield); HPLC analysis showed that 
the product was 99 percent pure; Proton Magnetic Spectrum (PMR) analysis was consistent with the title structure. 

Example 2 - 9.9«DI-n-butvl-2.7-dibromofluorene 

25 

[0077] 2,7-Dibromofluorene (32.4 g, 0.1 mole), n-butyl bromide (75 g, 0.55 mole), tetra-n-butylammonlum chloride 
(1.5 g) and 50 percent aqueous NaOH solution were stirred vigorously at 80"C for 1 hour. The reaction mixture was 
allowed to cool to room temperature and extracted with ether. The ether extracts were washed with water arid dried 
over anhydrous magnesium sulfate. Removal of solvent gave a yellow solid which was recrystallized from 400 mL of 
30 ethanol to provide 9,9-di-n-butyl-2,7-dlbromofluorene as colorless crystals (42 g. 96 percent yield), melting point 
120.5®C to 121.5**C. HPLC analysis showed that the product had a purity of 99.5 percent and the proton and cartx)n- 
13 NMR were consistent with the title structure. 

Example 3 - 2.7-Dibromo-9,9-((2-methoxycarbonyl)-ethyl)fiuorene 

35 

[0078] To a 500 mL, three-necked, round-bottomed flask equipped with a condenser, magnetic stirring bar. stopper 
and a rubber septum was added 2,7-dlbromofluorene (70.0 g, 0.21 6 mole) and methyl acrylate (1 66.0 g. 1 .9 mole). To 
that stirring mixture was added dropwise (via syringe) benzyltrimethylammonium methoxide (3.3 mL, 40 weight percent 
solution). An exotherm was noted after addition of a few drops; temperature rose to 6a*C. After the addition was 
40 completed, the reaction was stirred for an additional 1 5 minutes. 

[0079] Excess methyl acrylate was distilled off under reduced pressure. The crude product solidified after cooling to 
room temperature and was washed with hexane. then filtered. The crude solW was recrystallized from methanol to 
afford white crystals (79.0 g, 90 percent yield). 

45 Example 4 - 2,7-Dibromo-9,9-di(2-ethvlhexyl)fluorene 

[0080] 2.7-Dibromo-9.9-di(2-ethylhexyl)fluorene. prepared from 2.7-dlbromofluorene and 2-ethylhexylbromide by 
the procedure of Example 1 , was obtained as a pale-yellow syrup in 93 percent yield after passing the caide product 
through a column of silica gel and eluting the product with hexane. The cartoon and proton magnetic spectra were 
so found to be consistent with the title structure. . . 

Example 5 - 2.7-Dtchloro-9.9-di(3-methvl-1-butvi>-fluorene 

[0081] Following the procedure of Example 1, 2.7-dichloro-9,9-di(3-methyl-1-butyl)fluorene was prepared from 
55 2,7-dichlorofluorene and 1-bromo-3-methylbutane as colorless crystals (recrystallized from pentane) In 90 percent 
yield, melting point 116"C to 117.5*»C. The spectral data were consistent with the title structure and HPLC analysis 
showed the purity as 99 percent and greater. 
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Example 6 - 2.7-Dlchioro-9.9-di(1-hexvl)fluorene 

[0082] 2,7-Dichloro-9,9-di(1-hexyl)fluorene was prepared from 2,7-dichlorofluorene and 1-bromohexane following 
the procedure of Example 1 as colorless crystals (recrystallized from hexane) in 91 percent yield; melting point 66^0 
to 67*»C. HPLC analysis showed that the sample was 99 percent or greater pure and the spectral data confirmed the 
title structure. 

Example 7 » 2,7-Dichtoro-9-ben2ylidenylfluorene 



10 [0083] 




20 



25 



[0084] To a stirred suspension of 2,7-dichlorofluorene (6.4 g, 27 mmole) In 30 mL of pyrrolidine or pyridine at OPC 
under nitrogen was added 6 mL of a 1 M solution of tetrabutylammonium hydroxide in methanol. A solution of benzal- 
dehyde (3.4 g, 32 mmole) in 25 mL of pyridine was then added over 10 minutes and the orange-colored mixture was 
allowed to stir at amibient temperature for 2 hours. The mixture was poured into 300 mL of ice-water, stirred for 3 hours, 
the yellow solid was filtered and recrystallized from n-heptane to provide 2,7-dichloro-9-benzylidenylfluorene as yellow 
needles, melting point 87*^0 to 88'*C (7.8 g, 89.6 percent). PMR analysis was consistent with the title structure. 



30 



Example 8 - 2.7-Dibromo-9-(4-dimethylaminobenzylidenyl)fluorene 
[0085] 



35 



40 




N(CH3), 



[0086] 2,7-Dibromo-9-(4-dlmethylaminobenzyltdenyl)fluorene was prepared using the procedure of Example 1 in 
87.7 percent yield as light-orange powder, melting point 214*C to 216^C (recrystallized from toluene). PMR analysis 
45 is consistent with the title structure. 



so 



55 
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Example 9 ■ 2.7-Dibromo-9'(4-(2'ethylhexvloxv)benzvlidenvOfluorene 
[0087] 
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[0088] 2.7-Dibromo-9-(4-(2-ethylhexyloxy)benzylidenyl)fluorene was prepared from 2.7-dibromo-9-fluorene and 4- 
(2-ethylhexyloxyI)ben2aldehyde using the procedure of Example 1 to give a yellow solid in 77 percent yield, melting 
point 68*^0 to 70*'C. PMR analysis was consistent with the title structure. 

Example 10 - 2.7-Dibromo-9-(3.S.5-trimethvlhexvlidenvnfluorene 
[0089] 



25 



30 




35 



40 



[0090] To a Stirred mixture of 2,7-dlbromofluorene (14 g, 40 mmole) and pyridine (40 mL) under nitrogen at -15PC 
was added 8 mL of a 1 M solution of tetrabutylammonium hydroxide In methanol. A solution of 3,5,5-trimethylhexanal 
(7.6 g. 53 mmole) in pyridine was added dropwise and the reaction mixture was stirred at ambient temperature over- 
night. The mixture was poured Into 600 mL of ice-water, stirred for 1 hour, the pale yellow solid was isolated, and 
recrystallized from ethanol to provide the title compound as pale yellow powder, melting point 108*»C to 110*'C (11.6 g. 
64.7 percent). Pt^R analysis was consistent with the assigned structure. 



Example 11 - 27-Dibromo-9-(5-norbom-2-€nvlidenyt)fluorene 



45 [0091] 



so 




55 




[0092] The title compound was prepared from 2,7-dibromof luorene and 6-norbomene-2-carboxaldehyde by following 
the procedure of Example 10. "me product was extracted with ether and removal of ether gave a tan solid which was 
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recrystallized from n-hexane to provide the title compound as tan crystals, melting point 118*»C to 120°C (62 percent 
yield). PMR analysis and HPLC showed the title compound was obtained as a 1 :1 mixture of exo and endo isomers. 

Example 12 - Polv(9.9-di-n-hexvlfluorenyl>2.7*-diyl) 

5 

[0093] A dried polymerization reactor was charged with 2J-dichloro-9,9-dl-n-hexylfluorene (4.03 g, 10.0 mmoles), 
nickel chloride-2.2'-blpyridine complex (Ni complex) (43 mg, 0.15 mmole). zinc dust (1.96 g. 30 mmoles) and triphe- 
nylphosphine (TPP) (1.31 g, 5 mmoles). The reactor was evacuated and filled with nitrogen several times, and finally 
filled with argon. Dry dimethylacetamide (DM Ac) (10 mL) was added and the contents of the reactor were stirred and 

10 heated in an SO^'C oil bath. After 4 hours, a solid polymer cake was fornied and the oil bath temperature was raised to 
90*»C. After 5.75 hours, 10 mL of dry toluene was added and stirring and heating were continued. Two more 10 mL 
portions of toluene were added at 6.5 hours and 7.3 hours. Heating and stirring were continued for 3.6 hours after the 
addition of the last portion of toluene. The mixture was poured into 150 mL of chtorofonm and filtered. The chtoroform 
in the filtrate was removed on a rotary evaporator and the residue stirred with acetone. The large, bright-yellow granules 

IS obtained were dried for 18 hours in a vacuum oven at 70°C. The yield was 3.10 g, 93.9 percent. The polymer had the 
foltowing structure: 



20 



25 




R=n-hexyl 



[0094] The inherent viscosity was 0.57 dUg. Gel permeation chromatography showed Mw 39,630 Daltons. Mn 1 6,020 
Daltons and polydlspersity of 2.47. The degree of polymerization, m. was 48. Differential scanning calorimetry (DSC) 
30 analysis at 5°C/minute showed two endothermic transitions centered at 1 93^C and 249*^0. indicative of liquid crystal- 
Unity. There was no indication of glass transition. 

[0095] For comparison, Fukuda's polymer of fomnally the same chemical composition had a polydlspersity of 6.8. 
degree of polymerization relative to polystyrene of 14. glass transition temperature of 55'»C and no crystallinity. 

35 Example 13 - Polv(9.9-di-n-hexylfluorene-2.7'-diyl) 

[0096] The experiment of Example 1 2 was repeated except the solvent was N-cyclohexylpyrrolidinone (20 mL). The 
polymerization was allowed to proceed for 1 8 hours and the product was purified and isolated as described in Example 
1 2. The yield was 3.30 g, 1 00 percent Inherent viscosity was 0.54 dL/g. 

40 

Example 14 - Polv(9.9-di-n-hexylfluorene-2.r-diyl) 

[0097] A dried polymerization reactor was charged with nickel chloride (52 mg, 0.4 mmole), 2,2'-bipyridlne (62.4 mg. 

0.4 mmole), zinc dust (5.76 g. 88 mmoles), and TPP (3.76 g. 14.0 mmoles). The reactor was evacuated and filled with 
45 nitrogen several times, and finally filled with argon. Dry DMAc (5 mL) was added and the content of the reactor stirred 

and heated in a 90°C oil bath for 1 5 minutes to generate the active Ni(0) catalyst. A degassed solutton of 2,7-dk5hloro- 

9.9-di-n-hexylfluorene (8.06 g. 20.0 mmoles) in 17 mL of dry DMAc was then added in two portions via a syringe and 

the polymerization was allowed to proceed for 4.5 hours. The polymer isolated had inherent viscosity of 0.35 dL/g. 

[0098] A thin film of the polymer was melted on a glass slide and examined on a hot-stage microscope under cross- 
50 polarized light. Intense birefringence was observed at above 200°C, indtoating that the polymer undergoes a crystalline 

to Ik^uid crystalline transitk}n as suggested by DSC analysis. 

Example 15 - Photoluminescence of Polv(9,9-dl-n>hexylfluorene-2.7''diyl) 

55 [0099] A dilute chloroform solution of the polymer prepared in Example 14 was spin-coated onto a quartz plate to 
give a dense, unifomi film. Photoluminescence spectrum was obtained by excitation at 381 nm. The light emitted was 
intensely blue: major maximum at 424 nm with minor maxima at 445 and 475 nm. The emission spectrum reported by 
Fukuda consisted of a broad peak centered at 495 nm and a very minor peak at 425 nm. The differences in the emission 
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spectra were consistent with the fact that Fuliuda's polymer was substantially different from the polymer of this invention. 



10 



Example 16 - Polv(9,9-di-(4-t-butyldimethvlsilvioxyphenyl)fluorene-2.7'<liyl) 

[0100] To a reactor was added nickel chloride (27 mg, 0.2 mmole), 2,2'-bipyridlne (34 mg, 0.22 mmole), zinc dust 
(1 .5 g, 23 mmoles) and TPP (2,62 g. 10 mmoles). The reactor was evacuated and filled with argon several times. Dry 
DMAc (30 mL) was added and the contents stirred and heated in a 70**C oil bath for 1 hour to generate the active 
catalyst. 2,7-Dibromo-9.9-di-(4-t-butyldimethylsilyloxyphenyl)fluorene (7.36 g. 10.0 mmoles) was added and the po- 
lymerization allowed to proceed for 23 hours. The solid mass was slurried with tetrahydrofuran (THF) and the slurry 
filtered to remove Inorganic substances. The THF solution was stripped on a rotary evaporator and the residue extracted 
with ether. The ether-insoluble polymer was obtained as a yellow, granular solid and had Inherent viscosity of 0.28 6U 
g. Gel pemieation chromatography analysis showed Mw 31 ,120 Daltons and Mn 20.970 Daltons and polydlspersity of 
1 .48. The polymer had the following structure: 



IS 



20 





Ijle 



t-Bu 



Me 



25 Example 1 7 - Polv(9.9-diH(4-(2-ethvlhexanovtoxv)phenvl)fluorene-2.r-divl) 

[01 01 ] A reactor was charged with TPP (2.62 g. 1 0 mmoles). 2,7-dibromo-9,9-dl-(4-(2-ethylhexanoyloxy)phenyl)flu- 
orene (8.9 g. 11 .7 mmoles). potassium iodide (0.22 g, 1.3 mmoles). DMAc (29 mL) and toluene (10 mL). Traces of 
moisture were removed as an azeotrope with toluene. The reactor was heated In an oil bath at 70*0 and stirred under 

30 argon, and to it nicl<el chloride (26 mg, 0.2 mmole) and zinc dust (2.0 g. 30 mmoles) were added. After 20 hours, an 
additional portion of nickel chloride (20 mg) was added and the mixture allowed to react for another 24 hours. The 
solution was filtered to remove inorganic materials and the filtrate mixed with 300 mL of ether. The product was collected 
as bright-yellow granules by filtration and washed with more ether and dried in a vacuum oven at 70*0 overnight. The 
polymer had an inherent viscosity of 0.37 dL/g, Mw 36.280 Daltons, Mn 20,700 Daltons, polydisperslty of 1 .75. The 

35 Structure of the polymer is as foltows: 



40 





45 



[0102] A solution of the resulting polymer in THF showed a broad absorption maximum at 389 nm, molar extinction 
coefficient of 50,000 and photoluminescent peaks at 41 7, 439, and 473 nm in decreasing intensity. 

50 Example 1 8 - Polv(9.9-di(2-ethvlhexvl)fluorene-2,7'-divl) 

[0103] A reactor was charged with 2,7-dibromo-9.9-dl(2-ethylhexyl)fluorene (2.75 g. 5 mmoles), zinc dust (0.98 g, 
15 mmoles), a NiClg-bipyridine complex (21.5 mg. 0.075 mmole), and TPP (0.66 g. 2.5 mmoles). The reactor was 
evacuated and filled with nitrogen several times. N-cyclohexylpyrrolldinone (3 mL) was added and the contents were 
55 stirred under nitrogen in a 80**C oil bath. After 22 hours, the oil bath temperature was raised to 90°C and the polym- 
erization was alk)wed to proceed for a total of 31 hours. The reaction mixture was mixed with chloroform and filtered. 
The filtrate was concentrated and blended with methanol to give a yellow solid. The solid was dissolved in toluene (1 5 
mL) and percolated through a short slltea gel column with cyckjhexane. The cyclohexane solutton was concentrated 
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and blended with methanol to precipitate the polymer as a yellow solid. Inherent viscosity was 0.15 dL/g. The structure 
of the polymer Is as follows: 



10 




R = 2-ethylhexyl 



[0104] A small piece of the polymer was melted on a microscope slide at 230*0 arid slowly cooled to room temper- 
IS ature while being examined under cross-polarized light. Birefringence emerged at 175**C. Heating the same film from 
room temperature revealed a liquid crystal to isotropic transition at leS'^C. 

Example 19 - Copolymer 

20 [0105] To a reactor was added 2.7-dichloro-9.9-di(2-ethylhexyl)fluorene (0.92 g, 2 mmoles), 2,7-dichtoro-9,9-dl-n- 
hexylfluorene ( 3.2 g. 8 mmoles), TPP (1.31 g, 5.0 mmoles), NiClg-bipyridlne complex (43 mg. 0.15 mmole) and zinc 
dust (1.96 g. 30 mmoles). The reactor was evacuated and filled with nitrogen several times and then to It was added 
DMAc (10 mL). The mixture was stirred at eCPC for 7 hours and at 90*'C for 15 hours. The reaction mixture was mixed 
with chloroform and filtered. The filtrate was concentrated and the copolymer precipitated in acetone and dried in a 

2S vacuum oven at 50^C overnight. The structure of the copolymer Is as follows: 



30 



3S 



40 



4S 




R = 2-ethythexyl 



R' = n-hexyl 



-J 1 / m 



[0106] TTie copolymer had an inherent viscosity of 0.35 dUg and a Tg at 89**C as measured by DSC. 
Example 20 - Polv{9.9-di(2-methoxvcarbonvlethvl)fiuorene-2.7'-divl) 

[0107] A reactor was charged with TPP (2.0 g. 7.67 mmoles), zinc dust (2.02 g. 30.9 mmoles) and nickel bromide 
(0.22 g, 1.0 mmole). The reactor was evacuated and filled with nitrogen several times. To the reactor was added 
dimethylformamlde (DMF) (5 mL) and the mixture was stin^ed at 4a'C for 15 minutes. Then a solution of 2.7-dibromo- 
9,9-di(2-methoxycarbonylethyl)fluorene (4.96 g. 10 mmoles) in DMF (10 mL). previously flushed with nitrogen, was 
added. The polymerization was allowed to proceed for 48 hours at SCPC. The reaction mixture was dissolved In chlo- 
roform and filtered. The chloroform layer was washed with water and dried over anhydrous magnesium sulfate. Upon 
removal of the solvent, a yellow granular solid was obtained with the following structure: 
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Example 21 - Benzocvciobutene (BCB)-capped oligo(9.9-dt(2-ethv lhexvi)fiuorene-2.r-diyl) 

[01 081 A reactor was charged with 2.7-dlbromo.9.9-di(2-ethylhexyl)fluorene (1 1 .0 g. 20 mmoles). zinc dust (3.92 g. 
60 0 mmoles), nickel complex (172 mg. 0.6 mmole) and TPP (2.62 g. 10 mmoles). The reactor was evacuated and 
filled with nitrogen several times. A solution of 4-bromobenzocyclobutene (Br-BCB) (1.10 g. 6 mmoles) in DMF (20 
mL) previously flushed with nitrogen, was added to the reactor. The content was stirred at J&'C under nitrogen for 24 
hours The reaction mixture was dissolved in 50 mL of toluene and filtered and the filtrate washed with water. The 
toluene solution was stirred at room temperature with 5 mL of 70 percent t-butylhydroperoxide overnight. Excess per- 
oxide was decomposed with aqueous sodium hydrogen sulfite and the toluene solution washed with water and evap- 
orated to dryness. The residue was extracted with hexane separating the desired product from triphenylphosphine 
oxide. The hexane solution was percolated through a silica gel column and evaporated to give 5.1 g of the following 
resin: 





R = 2-ethylhexyl 




m 



[0109] Proton NMR analysis of the product indicated m = 7.4. 

[Oil 01 A thin film of the material was examined on a hot-stage microscope under cross-polarized light It was intensely 
birefringent. indicating presence of liquid crystallinity. Heating to 150°C brought the disappearance of birefringence, 
which re-emerged upon cooling to room temperature. 

Example 22 - BCB-capped oliqo(9,9-di(2-ethvlhexylffluorene-2.r-dlyl) 

[0111] The experiment described in Example 21 was repeated with 5.55 g (1 0.0 mmoles) of fluorene monomer. 0.54 
g (3 mmoles) of Br-BCB, 1.91 g (29.2 mmoles) of zinc dust. 79 mg (0.28 mmole) of nickel complex. 1 .31 g (5 mmoles) 
of TPP and 10 mL of DMAc. The reaction was run at 80»C for 16.5 hours. The product has the same structure as in 
Example 21 except m = 7.2. as determined by proton NIWIR. A thin film of the resin was examined on a hot-stage 
microscope under cross-polarized light. The film was birefringent at room temperature. Indtoative of liquid crystallinity. 
Heating the film at 220''C for 30 minutes and 250°C for 1 .5 hours gave an Insoluble film, indicating that the BCB groups 
had substantially reacted, giving a crosslinked polymer. 

Example 23 - BCB-capped oliao(9.9-di(2-ethvlhexvlffluorene-2.r-diyl) 

[01121 A 250 mL, three-necked, round-bottomed flask was charged with nickel chloride (0.1 56 g. 12 mmoles), 2,2*- 
bipyridine (0.188 g. 12 mmoles). TPP (5.24 g. 20 mmoles) and zinc dust (7.84 g. 120 mmoles) under nitrogen. 40 mL 
of DMAc was added via a syringe. The gray-colored slurry was stirred and heated at BCPC for 15 minutes when the 
catalyst mixture tumed reddish in color. A mixture of 2.7-dit>romo-9,9-dl(2-ethylhexyl)fluorene (21.94 g, 40 mmoles). 
Br-BCB (2.93 g, 1 6 mmoles). and 30 mL of DMAc was added to the catalyst dropwise over 1 5 minutes and the reaction 
mixture was stirred at 80**C overnight. 

[0113] The reaction mixture was cooled to room temperature, diluted with 200 mL of hexane and filtered through a 
bed of filter aid deatomaceous earth, and the filtered aid was washed with hexane (3 x 40 mL). To the filtrate was added 
1 0 mL of a 70 percent t-butylhydroperoxide solution and the resulting mixture was stirred at room temperature overnight 
and filtered through a filter aid. The top hexane layer of the filtrate was recovered, washed with saturated NaCI solutton, 
water and dried over MgS04. The hexane solution was concentrated to 50 mL. cooled at 0*0 for a few hours to pre- 
cipitate excess triphenylphosphine oxide, and the filtrate was evaporated to provide a yeltow, seml-solW (16 g. 93 
percent yield). The material was found to have a structure similar to that of Example 21 but with m = 5.3. 
[0114] Other properties of the material in the solid state were as follows: liquid crystallinity up to lOO'C; strong UV 
absorptton (1 max 365 nm); and photoluminescence at 41 9 nm with minor peaks at 447. 473. and 511 nm in decreasing 
Intensity. A thin film was cured at 200°C for 1 hour, 225«C for 1 hour and 250-C for 1 hour. The UV absorption of the 
film was essentially the same before and after cure but the major photoluminescent peak has shifted to 512 nm. 
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Example 24 - BCB-capped oligo(9,9-di-n-hexvl)fluorene-2,7'-diyl) 

[Oil 5] A reactor was charged with 2,7-dichloro-9,9-di-n-hexylfluorene (8.1 g, 20 mmoles), Br-BCB (1 .1 g, 6 mmoles). 
nickel complex (172 mg, 0.6 mmole), zinc dust (3.92 g. 60 mmoles), TPP (2.62 g, 20 mmoles) and 30 mL of a 1:4 
5 mixture of xylene and DMF. The reaction was stirred under nitrogen at 80°C. After 1 .5 hours, an additional 10 mL of 
solvent mix was added and stirring was continued for 20 hours. TTie product mixture was dissolved in chloroform (100 
mL) and filtered. Chloroform was removed under vacuum and the residue stirred with acetone (600 mL). The acetone- 
insoluble solid was isolated by filtration and dried in vacuo at 60°C overnight to give 3.89 g of bright-yellow granules 
which was identified by proton NMR as follows: 



IS 




Rsn-hexyi 
m -28.4 



20 



25 



[0116] A solid film of this material showed UV absorption at 382 nm and photoluminescent peaks at 427, 440. and 
481 nm in decreasing intensity. 

[0117] The acetone solution was concentrated and mixed with ethahol (300 mL). The precipitated solkJ was isolated 
and dried to give 2.22 g of pale-yetlow granules which was identified by proton NMR as follows: 



30 




35 

[0118] A solid film of this material showed UV absorption at 363 nm and photoluminescent peaks at 421 , 442, and 
475 nm in decreasing intensity. 

[0119] Curing the above films as per the procedure of Exampje 22 dkl not bring significant shifts in the emission 
wavelengths. DSC analysis of both materials showed the expected exotherms due to crosslinking reactions of BCB. 

40 

Example 25 - BCB-capped oligo(9,9"di(2-methoxycarbonylethyl)fluorene-2,r-diyl) 

[0120] A reactor was charged with 2.7-dibromo-9.9-di(2-methoxycarbonylethyl)fluorene (9.92 g. 20 mmoles), nickel 
complex (172 mg, 0.6 mmole), zinc dust (2.93 g* 60 mmoles) and TPP 
45 [0121] (2.62 g, 1 0 mmoles). It was evacuated and filled with nitrogen several times. To it was added a solution of Br- 
BCB (1 .46 g, 8 mmoles) in DMAc (30 mL), previously flushed with nitrogen for 45 minutes. The mixture was stirred at 
80**C for 20 hours. The reactk)n product was diluted with chtorofomi (300 mL) and filtered. The filtrate was concentrated 
and slurried with ethanol (300 mL) to give a fine, light-yellow solid which was filtered and washed with methanol. The 
product was dried in vacuum at 50°C overnight. Proton NMR analysis Indicated that the structure was as follows: 

so 



55 
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10 

[0122] The resin showed multiple transitions during the first DSC scan from 25'C to 300*»C. A re-scan showed a Tg 
of ISI^'C. A solid film of this material showed UV absorption at 368 nm and photoluminescent peak at 431 and 466 
nm of the same intensity, the latter being much broader. Curing the sample according to the procedure of Example 22 
caused a shift of the emission peak to 540 nm. 

IS 

Example 26 - BCB-capped oligo(9,9-di(2«ethylhexvl)fluorene-2,r-diyl) 

[01 23] The experiment described In Example 21 was repeated with 37.9 g (60 mmoles) of 2.7-dibromo-0,9-dl(2-ethyl- 
hexyl)fluorene. 11 .8 g (1 80 mmoles) of zinc dust. 4.4 g (24 mmoles) of Br-BCB, 7,8 g (30 mmoles) of TPP. 0.52 g (1 .8 

20 mmoles) of nickel complex and 90 mL of DMAc. After 23 hours of reaction at 8(rC, the content of the reactor was 
mixed with toluene and stirred with aqueous HCI to digest the excess zinc. The toluene solution was washed with water 
twice and evaporated to a yellow syrup which was dissolved in hexane (500 mL) and stirred ovemight with 50 mL of 
70 percent t-butylhydroperoxide. Excess peroxide was destroyed by stirring with an aqueous solution of sodium hy- 
drogen sulfite and the hexane solution washed with water several times. The yellow oil obtained from evaporation of 

25 the solvent was passed through a short column (2-inch (5 cm) diameter and 2-Inch (5 cm) height) of s\\\ca gel. The 
desired product was eluted with several liters of hexane. The combined hexane solution was again evaporated and 
the residue dissolved in 80 mL of toluene. The toluene solution was poured as a thin stream into 1.2 L of stirred 
methanol. The solid cake deposited was collected, dissolved in hexane and the solution dried over anhydrous mag- 
nesium sulfate. The solution was evaporated to leave an oil which was further stripped of volatile components at 

30 0.5 mm Hg (66 Pa), yielding 14.8 g of BCB-capped oligomer with the following structure: 



35 
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R B 2-ethylhexyl 
m = 7.4 



[01 24] A one-gram sample of the material was placed in a round-bottom flask which was attemately evacuated and 
filled with argon several times. The flask was then placed in an oil bath heated to 150"C and evacuated to 0.3 mm Hg 
(40 Pa) for 30 minutes. After filling the flask with argon, the temperature of the bath was raised to 180PC. The sample 
was heated at this temperature for 24 hours and was allowed to cool under argon. DSC analysis showed that 44 percent 
of the BCB groups had reacted during the B-staging process. A xylene solution of the B-staged resin was used to spin- 
coat a quartz disk. The disk was heated in a nitrogen-purged oven from 25*»C to 250*»C at a ramp rate of 3^C/minute 
and held at 250**C for 1 hour. This provideid a highly photoluminescent (blue), smooth, crosslmked film essentially free 
of pin-holes and other defects. 

Example 27 - Hvdroxvphenvl-capped oligo(9.9-di(2-ethvlhexvl)fluorene-2.r-diyi) 

[01 25] Example 21 was repeated with 1 9 g (30 mmoles) of 2.7-dibromo-9,9-di(2-ethylhexyl)fluorene, 6 g (90 mmoles) 
of zinc dust. 3.45 g (12 mmoles) of 4-bromophenyl-t-butyldimethylsilyl ether. 3.9 g (15 mmoles) of TPP. 0.26 g (0.9 
mmole) of nickel complex and 50 mL of DI^Ac. The riaactton was allowed to proceed at 80PC for 21 hours. The reactton 
mixture was diluted with toluene (200 mL) and filtered through a filter a\6 to remove unreacted zinc. The filtrate was 
removed of toluene on a rotary evaporator and the residue shaken with water and extracted with hexane. The hexane 
solution was filtered through a filter aid again and the filtrate stirred with 15 mL of 70 percent t-butylhydroperoxkle 
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overnight Excess peroxide was decomposed with aqueous sodium hydrogen sulfite and the solution washed repeat- 
edly with water Trlphenylphosphlne oxide was removed by filtration and the hexane solution was dried over anhydrous 
magnesium sulfate. Evaporation of hexane and further stripping of volatiles at 0.5 mm Hg (66 Pa), 120PC. 1 hour, gave 
a semi-solid. This was dissolved in toluene (60 mL) and the toluene solution poured as a thin stream into methanol. 
The semi-solid precipitated cake was dissolved in hexane. The hexane solution yielded 10.0 g of strongly photoluml- 
nescent (blue) semi-solid after drying and stripping. The NMR spectrum of this material is consistent with the expected 
structure as follows: 



10 



15 



t-Bu 





R = 2-ethylhexyl 
ms 7.5 




t-Bu 



20 [01 26] The above material was ref luxed with a solution of tetrahydrof uran (1 00 mL) and concentrated HCI (5 mL) for 
6 hours to effect desllylation. The NMR spectrum of the product was consistent with the expected structure as follows. 



25 
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R = 2-ethylhexyl 
ma 7,5 



Example 28 - Cvanatophenvl-capped oiigo(9.9-di(2-ethvlhexvl)flu orene>2,r-diyl) 

35 [0127] The phenolic material from Example 27 (6.5 g) was dissolved In methylene chloride (75 mL) and mixed with 
2.5 g of cyanogen bromide In a reactor. The resulting solution was cooled to -2a'C and to it was added a solution of 
3 mL triethylamlne and 10 mL methylene chloride over a period of 3 minutes. The mixture was stirred at -10PC tor 1 
hour and was then washed with dilute HCI, water and dried over anhydrous magnesium sulfate. Removal of solvent 
gave 6.5 g of light-brown oil showing the expected infrared absorption bands (2200 to 2300 cnrri) for cyanate groups 

40 and no absorption band for phenolic groups. The oil was further purified by passage through a short silica gel column 
to give a strongly photolumlnescent (blue), yellow semi-solid. The NMR and infrared spectra of the material are con- 
sistent with the foltowing structure: 



45 
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NCO 





R = 2-ethylhexyl 
m = 7.5 



OCN 
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Example 29 - Polymerization of 2.7-dichloro-9-benzyrtdenvlfluorene 

[0128] To a dry reactor equipped with a mechanical stirrer, rubber septa, and an inlet connected to a vacuum and 
nitrogen manifold was added TPP (2.00 g, 8 mmoles). zinc dust (3.02 g, 31 mmoles), and nickel complex (0.26 g. 1 
mmole). The reactor was evacuated and purged with nitrogen 7 times and was heated to 40PC. 1 -Methyl-2-pyrrolidinone 
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(NMP) (1 0 mL) was added via a syringe. The reaction mixture was stirred at approximately 250 rpm. After a few minutes, 
the solution turned to a reddish-brown color. To the reaction mixture was added a solution of 2,7-dichloro-9-t>en2yllde- 
nylfluorene (3.23 g, 10 mmoles) in NMP (7.0 mL). The reaction was stirred at 80pC for 48 hours. 
[0129] The reaction mixture was poured into acetone (300 mL) to precipitate the polymer. The orange-gray precipitate 
5 was collected and washed with acetone (2 x 100 mL). After drying in air, the solid was crushed to a powder and the 
powder was slowly added to 250 mL of 3N HCI. The mixture was stirred for 3 hours, at which point the precipitate was 
a bright-orange color. The solid was collected, washed with water (3 x 1 00 mL) then alr-drled ovemight The solid was 
then dried in a vacuum oven at 60*0 ovemight to afford 2.46 g (98 percent yield) of an orange powder. Based on the 
yield and spectral data, the structure of the polymer was as follows: 

10 



20 



(01 30] A film of the polymer, cast onto a quartz disk from a chloroform solution, showed a strong U V absorption band 
centered at 368 nm and a broad photolumlnescent band centered at 571 nm. 

25 Example 30 - Copolymerization (1:1) of 2.7-dichloro-9-benzvlidenvlfluorene and 2,7-dlchloro-9,9 <ll-n*hexvlfluorene 

[0131] The procedure of Example 29 was repeated with 1.62 g (5 nrimoles) of 2,7-dichloro-9-benzylidenylfluorene 
and 2.02 g (5 mmoles) 2,7-dichloro-9,9-di-n-hexylfluorene in DMAc (1 5.0 mL). The reaction mixture was stin-ed at S€PC 
for 48 hours. The reaction mixture was added to methylene chloride (200 mL) and the resulting solution was fiitered 

30 through a plug of filter aid to remove the unreacted zinc. The filtered solution, after concentration, was slowly added 
to acetone (300 mL) to precipitate the product. The bright-yellow precipitate was collected and washed with acetone 
(3 X 50 mL) and dried to give 1 .79 g of 1:1 copolymer whose structure could be altemating as shown below or could 
consist of blocks of the two monomeric units. A film, cast on a quartz disk from a chloroform solution, showed a strong 
UV absorption band centered at 370 nm and photoluminescent bands centered at 417 and 551 nm. This copolymer Is 

35 represented by the following structure: 



-1QOO 

45 

Example 31 - Copolymerization (1:4) of 2,7-dichloro-9-ben2vlidenvlfluorene and 2,7'-dtohloro-9,9-di-n-hexvlfluorene 

[0132] Example 30 was repeated with 0.65 g (2 mmoles) of 2,7-dichloro-9-benzylidenylfluorene and 3.23 g (8 
50 mmoles) of 2,r-dichloro-9,9-di-n-hexylfluorene in NMP (15 mL). The reaction mixture was stirred at 80*0 for 48 hours 
and was then added to methylene chloride (200 mL). The methylene chloride solution was filtered through a plug of 
filter aid to remove the zinc. The filtered solution, after concentration, was slowly added to acetone (200 mL) to give 
1 .0 g of yellow polymer. The acetone solutton was concentrated and slowly added to ethanol (200 mL) to precipitate 
an additional portion of polymeric product (1 .3 g). Based on the yield and spectral data, the structure of the polymer 
55 is as follows: 
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[0133] A film, cast on a quartz disk from a chloroform solution, showed a strong UV absorption band centered at 370 
nm and photoluminescent bands centered at 470 and 522 nm. 

Example 32 - Polymerization of 2,7'dichloro-9-(3,5,5-trimethvlhexvlidenvnfluorene 

[0134] The procedure of Example 29 was repeated with 4.5 g (10 mmoles) of 2,7-dlchloro-9-(3,5,5-trlmethylhexyll- 
denyl)fluorene in DMF (1 5 mL). The reaction mixture was stirred at 80°C for 28 hours. The reaction mixture was added 
to acetone (200 mL) to precipitate the product. The precipitate was collected, air-dried, crushed to a powder, then 
added to an aqueous solution of 3N HCI (300 mL). The mixture was stirred for 3 hours to dissolve the zinc metal. The 
bright, yellow-orange precipitate was collected, washed with methanol (3 x 100 mL), acetone (3 x 100 mL) and dried 
to give 2.5 g of product. The product was soluble in hot 1 ,2-dlchlorobenzene. The melting point was 306PC. 

Example 33 - Polymerization of 2.7-dichloro-9-(5'nort)omenvlid-2-eneyfluorene 

[0135] The procedure of Example 29 was repeated with 4.3 g (1 0 mmoles) of 2,7-dichloro-9-(5-nort)omenylid-2-ene) 
fluorene in DMF (20 mL). The reaction mixture was stirred at 80°C foi' 26 hours. The reaction mixture was added to 
acetone (200 mL) to precipitate the product. The precipitate was collected, air dried, crushed to a powder, then added 
to an aqueous solution of 3N HCI (300 mL). The mixture was stirred for 3 hours to dissolve the zinc metal. The precipitate 
was collected, washed with methanol (3 x 1 00 mL), acetone (3 x 1 00 mL) and dried to give 3.0 g of product. 



Claims 

1 . A compound of the formula: 



E 




wherein: 

E is independently in each occurrence hydrogen, halogen, aryl or aryl substituted with a reactive group capable 
of undergoing chain extension or crosslinking or a trialkylslloxy moiety; 

Ri Is independently in each occurrence C1.20 hydrocarbyl or hydrocarbyl containing one or more heter- 
oatoms selected from S, N, O, P and Si; C4.ie hydrocarbyl carbonyloxy. or (C9.16 aryl)trialkyteiloxy, or both 
may form, with the 9-carbon of the fluorene ring, a Cg^ ring structure or a C4.20 f^^Q structure containing one 
or more heteroatoms selected from S, N and O; 

R2 is independently In each occurrence C1.20 hydrocarbyl, C1.20 hydrocarbyloxy, thioether, C^^ hydro- 
carbyloxycartwnyl. C1.20 hydrocarbylcarbonyloxy, cyano, thiocyano, Cg-ia thioaryl, C^,20 sAkifl^^o or hydroxy; 
R3 is independently in each occurrence C^.go hydrocarbyl or C^.20 hydrocarbyl substituted with <i\{C^.20 a'M) 
amino, hydrocarbyloxy, tri(Ci.io alkyl)slloxy or C1.20 hydrocarbyl; 
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a Is Independently in each occurrence 0 or 1 ; and 

m and n are 0 or non-negative numbers and the sum of n and m is at least 1 
wherein the polymers have a polydispersity of less than 5. 

2. A compound of Claim 1 , wherein m is 1 and n is 0. 

3. A compound of Claim 1 , wherein m Is 0 and n is 1 . 

4. A compound of Claim 1 , wherein the sum of n and m is greater than 1 . 

5. A compound of Claim 4,. wherein the sum of n and m is at least 10. 

6. A compound of Claim 5, wherein m is a number of 1 or greater and n is 0 or a number of 1 or greater. 

7. A compound of any one of Claims 3 to 6, wherein m is a number off 1 to 1 00 and n is 0 or a number off 1 to 1 00. 

8. A compound of any one of Claims 1 to 7. wherein E is independently in each occurrence an aryl; an aryl substituted 
with a hydroxy, a glycidyl ether, acrylate ester, methacrylate ester, ethenyl. ethynyl. maleimide. nadimide, trialkyl- 
siloxy, triffluorovlnyl ether moiety; or a benzocyclotnjtene. 

9. A compound of Claim 8. wherein E is halogen, cyanato, aryl or aryl substituted with a reactive group capable off 
undergoing chain extension or crosslinking or a trialkylsiloxy moiety. 

10. A compound of Claim 9. wherein E is aryl or aryl substituted with a reactive group capable of undergoing chain 
extension or crosslinking or a trialkylsiloxy. 

■ 

11. A compound of Claim 10, wherein E is a phenolic, a cyanato-substltuted phenyl or a benzocyctobutene moiety. 

. A compound of Claim 10. wherein E is an aryl moiety having an acrylate or methacrylate ester reactive group 
corresponding to the formula 

O 
I 

— OCC(R»)-CHfV 

or an ethenyl moiety corresponding to the formula 

-C(R^)=C(R^)H 

wherein: 

r5 is independently in each occurrence hydrogen or C|^ alkyi; 

r6 is independently in each occurrence hydrogen. C^.go hydrocarbyl: or C1.20 hydrocarbytoxy and 
R7 is independently in each occurrence hydrogen. hydrocarbyl or C1.20 hydrocartiyloxy. 

13. A compound as claimed In Claim 11, wherein E is a benzocyclobutene moiety corresponding to the fonnula 
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10 



wherein 

r8 is independently in each occurrence C1.20 ^'^yl. alkoxy, 0^.20 alkylthlo,Ce.2o ^n^* ^6-20 aryioxy, 
arylthlo. C7.20 aralkoxy. C7.20 alkaryloxy. 67.20 alkarylthio, €7,20 aralkyl. 67.20 aralkylthto, cyano. carlx>xylate. 
C1.20 hydrocarbylcarbonyloxy. C^^q hydrocarbylsulfinyl, 0^.20 hydrocarbylsutfonyl. amino or C1.20 dialkylami- 
no; 

R9 is Independently in each occurrence cyano, carboxylate. C^.20 hydrocarbylcartjonyloxy, nitro, halo, C1.20 
hydrocarbylsulfonyl, hydrocarbylsulfinyl, C1.20 ail^, amido, or hydrocarbyloxy; 
c is independently in each occurrence 0 or an integer of 1 to 3; and 
e is independently in each occurrence 0, orl. 



14. A compound of Claim 1 which is a substituted fluorene according to Formula I:, 



IS 



20 




(I) 



wherein: 



25 



R\ r2, and a are as defined in Claim 1 and 
X is a halogen moiety. 



15. A compound according to Claim 3 which is a substituted fluorene according to Formula II, 



30 



35 




(i«) 



CHRa 



wherein: 



40 



R2' R3 and a are as defined in Claim 1 ; and 

X is independently in each occurrence a halogen moiety. 



16. A compound according to Claim 15 which is a substituted fluorene according to Formula III, 



45 



so 



55 




(III) 



wherein: 
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5 



10 



25 



30 



45 



SO 



55 



R2 and a are as defined in Claim 1 ; 

is independently in each occurrence di(Ci^ alkyl)amlno, hydrocarbyloxy. tri(Ci.io alkyl)siloxy or 
C1.20 hydrocarbyl; and 
b is 0 or a number of from 1 to 3. 

17. A compound according to any one of Claims 4 to 13 which is an oligomer or polymer according to Formula IX, 

(,x) 




IS 



wherein: 

20 R^, r2, and a are as defined in Claim 1 ; 

B is as defined in any one of Claims 6 to 11 ; and 
m is greater than 1. 



18. A compound according to any one of Claims 4 to 13 which is an oligomer or polymer according to Fomnula X, 

(Rn.^ (X) 




CHR3 



35 



wherein: 

R2, R3, and a are as defined in Claim 1 ; 
40 E is as defined in any one of Claims 8 to 1 3; and 

n is greater than 1 . 



19. A compound according to Claim 1 8 which is an oligomer or potymeir according to Formula XI, 




R2 and a are as defined in Claim 1; 

R4 is as defined in Claim 1 6; 

E is as defined in any one of Claims 8 to 13; 



30 



5 



10 



IS 



20 
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b is independently 0 or a number of fronn 1 to 3; and 
n is greater than 1 . 

20. A compound according to any one of Claims 4 to 13 which is an oligomer or polymer according to Formula V, 




\ 




wherein: 



Ri , R2, and a are as defined in Claim 1 ; 
E is as defined in any one of Claims 8 to 1 3; 
is as defined in Claim 16; 
. m €uid n are each at least 1 ; and 
25 b is independently in each occurrence 0 or a number of from 1 to 3. 

21. A compound according to any one of Claims 1 to 14, 17 and 20, wherein is C1.12 a^M. Ce-io ^ or alkyl- 
substituted aryl. C4.,6 hydrocarbyl carboxyiate or (C9.16 aryl)trialkylsiloxy. 

30 22. A compound according to any one of Claims 1 to 1 4. 1 7 and 20, wherein both R^ form a C5.20 straight- or branched- 
ring structure or a straight- or branched-chain ring structure containing one or more heteroatoms selected 
from S, N and O. 

23. A compound according to Claim 22, wherein both R^ form a C5.10 aliphatic ring or a C4.10 aliphatic ring containing 
35 one or more heteroatoms selected from S and O. 

24. A compound according to Claim 23, wherein both. R^ form a C5.10 cycloallcyl or C4,io cycioalkyi containing oxygen. 

25. A compound according to any one of the preceding claims, wherein R? is a^M. Ce-io aryl or allcyl-substituted 
40 aryl. alkoxy, Ci.,2 alkoxycarbonyl, Cg-io aryloxycarbonyl or alkyl-substituted aryloxycarbonyl. C^.^g alkylcar- 

bonyloxy, Ce-io arylcarbonyloxy or alkyl-substituted arylcarbonytoxy, Cg-io arytoxy or alkyl-substituted arytoxy. cy- 
ano, thiocyano, C5.^2 ^'oaryl, C^.2o alkylthk). or hydroxy. 

26. A substituted fluorene compound according to Ciaim 25, wherein RP Is C^^ alkoxy. phenoxy, C^^ alkyi, phenyl or 
45 cyano. 

27. A compound according to any one of Claims 1 to 1 3, 1 5, 1 8, 25. and 26. wherein R3 Is a hydrocarbyl selected from 
C1.20 straight- or branched-chain aliphatics. C3.20 straight- or branched-chain aliphatics containing one or more 
cycbaliphatic rings, C6.20 aryls, and C7.20 alkyl-substituted aryls wherein the hydrocarbyl optionally is substituted 

50 with or more substituents selected from di(C,.2o alkyl)amino, C^^ hydrocarbyloxy, C^^ hydrocarbyl and trlCC^.^o 

atkyl)siloxy. 

28. A compound according to Claim 27, wherein R3 is a C^.go straight- or branched-chain aliphatic, a C3.20 straight- 
or branched-chain aliphatic containing one or more cycloaliphatic rings or a phenyl moiety and such moiety may 

55 optionally be substituted with a di{Ci.2o alkyI) amino, C1.20 hydrocarbyl, tri (C^.,© alM) s"oxy or C1.20 hydrocarb- 

ytoxy moiety. 

29. A compound according to Claim 28, wherein R3 is a C3.10 aliphatic, a C^^q aliphatic containing one or more cy- 
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cloaliphatic moieties, phenyl or phenyl substituted with di(Ci,i2 alkyl)amino, Ci.io alkoxy. Ce-io aryloxy or alkyl- 
substituted aryloxy, C^.^q alkyi or Ce-io aryl or alkyl-substituted aryl or tri (Ci^ alkyl)slloxy. 

30. A compound according to Claim 29. wherein R3 is phenyl or phenyl substituted with di(Ci^ alkyl)amino, C,.,© 
5 alkoxy or C^.^o ^^kyl- 

31. A compound according to any one of Claims 1 8. 1 9. and 20 to 26, wherein is 6\(C^.^2 alkyl)amlno. C^.io alkoxy, 
Ce-io aryloxy or alkyl-substituted aryloxy, tri(C,^ aIkyl)siloxy, C^.^o alkyl. or Cg-io ^Pfi or alkyl-substituted aryl. 

10 32. A compound according to Claim 31 , wherein R* is di(Ci^ alkyl)amino. C^.^q alkoxy or C,.,© a*kyl. 

33. A compound according to Claim 31 , wherein R* is C^.^o aikyi, Ce-io aryl or C7.10 alkyl aryl. 



IS 



20 



25 



30 



35 



40 



45 



34. A compound according to any one of Claims 19 to 26, and 31 to 33. wherein b is 1. 

35. A compound according to any one of Claims 1 to 1 4 and 1 7 to 34 which has a weight average molecular weights 
of 10.000 or greater and poiydispersities of 3.0 or less. 

36. A substituted fiuorene compound according to any one of Claims 1 to 35, wherein a is 0. 

37. A polymer based on a compound as defined in any one of Claims 1 to 34. 

38. A polymer according to Claim 37. obtainable by converting said compound to the corresponding diboronic acW by 
reacting a 2,7-dllithio- or 2,7-diGrignard derivative thereof with a trialkyi borate and reacting the resultant diboronic 
acid with a 2.7-dihaloflourene in the presence of a catalytic amount of tetrakistriphenylphosphine palladium and 
an aqueous base at 70**C or higher for 1 0 to 1 00 hours in an inert solvent. 

39. A process for preparing a 9-substltuted fiuorene oligomer or polymer which comprises contacting one or more 
2,7-dihalo-9-substituted f luorenes with a haloaromatic compound in the presence of a catalysts for the de-hatogen- 
coupling of aryl haikles. 

40. A process for preparing a 9-substituted fiuorene oligomer or polymer which comprises contacting one or more 
2.7-diiialo-9-substituted fluorenes and optionally one or more haloaromatic compounds, in the presence of a cat- 
alytic amount of a divalent nickel salt, at least a stoichiometric amount of zinc powder, a trihydrocarbylphosphine 
in a polar solvent and an optional co-solvent comprising an aromatic hydrocarbon or ether under reaction conditk>ns 
sufficient to form the corresponding 9-substituted fiuorene oligomer or polymer. 

41. A process according to Claim 39 or Claim 40. wherein the 2.7-dihalo-9-substituted fiuorene con^esponds to the 
following formula. 





or 



CHR3 



50 



Wherein: 



55 



R\ R2, r3. a. m, and n are as defined In Claim 1 ; and 
X is a halogen moiety. 

42. A process according to Claim 40, wherein the 2.7-dihalo-9-substituted fiuorene is as defined in any one of Claims 
12 to 14, 19 to 32 and 34. 
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43. A process of any one of Claims 39 to 42, wherein the haloaromatic compound is of the Fomiula X>Ar wherein X 
is halogen and Ar independently in each occurrence an aryl or aryl substituted with a moiety capable of cross- 
linking or chain extension or a trialkylsiloxy moiety. 

44. A process of Claim 43, wherein Ar Is aryl or aryl substituted with a hydroxy, a glycldyl ether, acrylate ester, meth- 
acrylate ester, ethenyl, ethynyl. maleimide. nadimide or trifluorovinyl ether moiety or a benzocyclobutene. 

45. A process of Claim 44. wherein Ar is an aryl group substituted with an acrylate or methacrylate ester corresponding 
to the formula 

• ■ • • 

O 

fl 

^ OCC(R*) — CHR* 



or an ethenyl moiety corresponding to the formula 



^(R^)= C(R^)H 



wherein: 



is independently in each occurrence hydrogen or C|^ alkyt; 
R6 Is independently in each occurrence hydrogen, C,.2o hydrocarbyl or C1.20 hydrocarbyloxy; 
r7 is independently in each occunrence hydrogen, hydrocartiyl or C1.20 hydrocarbyloxy. 

V ■ . - ^ 

46. A process of Claim 45, wherein Ar is an aryl group substituted by a benzocyclobutene corresponding to the formula. 




wherein 

r8 Is independently In each occunrence C,.2o aikyl. O^.20 alkoxy. C^,20 alkylthio, Cg-ao aryl. Ce.20 aryloxy, C5.20 
arylthlo. C7.20 aralkoxy. C7.20 alkaryloxy, C7.20 alkarylthio, C7.20 aralkyi, Cj^ aralkylthto, cyano, carboxylase, 
C1.20 hydrocarbylcarbonyloxy. hydrocarbylsulfonyl, hydrocarbylsulflnyl, amino or C1.20 dialkylamino; 
r9 is Independently in each occurrence cyano. carboxylate, C1.20 hydrocarbylcarbonyloxy, nitro, hato. C^^ 
hydrocarbylsulfonyl. C1.20 hydrocarbylsulflnyl, Ci,2o alkyl. amido or C,.20 hydrocarbyloxy; 
b is independently in each occurrence 0 or an integer of 1 to 3: 
c is independently in each occurrence 0 or an integer of 1 to 3; and 
e is Independently in each occurrence 0 orl . 

47. A process of any one of Claims 39 to 46. wherein the mole ratio of 2,7-dihalo-9-substltuted fluorene to haloaromatic 
compound is from 0.5:1 to 50:1 . 

48. A process of Claim 47. wherein the process is conducted in the presence of a divalent nickel salt present In an 
amount of from 0.01 to 20 mole percent based on the amount of haloaromatic compound and 2.7-dlhatofluorene, 
zinc powder present in an amount of 100 mole percent to 300 mole percent based on the haloaromatic compound 
and 2.7-dihatofluorene. triarylphosphine present In an amount of from 1 0 to 50 mole percent based on the haloar- 
omatic compound and 2.7-dihalofluorene and a compound capable of accelerating the reactton present in an 
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amount from 1 00 to 1 50 mole percent based on the divalent salt. 
49. A 9-substituted fluorene polymer obtainable by a process as defined in Claim 39. 
5 50. A film of an oligomer or polymer as defined in any one of Claims 4 to 13, 17 to 38 and 49 

51. A coating of an oligomer or polymer as defined in any one of Claims 4 to 13, 17 to 38 and 49 

52. A polymeric light-emitting diode comprising a film or coating as defined in Claim 50 or Claim 51 . 

10 

Patentanspruche 

1. Verbindung der Formel: 

IS 



20 

E 




25 



worin: 

30 E unabhangig voneinander bei jedem Auftreten Wasserstoff, Halogen, Aryl oder Aryl. das mit einer reaktiven 

Gruppe substituiert ist, die fahig ist, Kettenverlangerung Oder Vernetzung zu durchlaufen, oder eine Trialkylsl- 
loxyeinheit ist, 

Ri unabhangig voneinander bei jedem Auftreten C^^-Hydrocarbyi oder Ci.20-Hy<irocarbyl mit einem oder 
mehreren Heteroatomen. ausgewahit aus S, N, 0, P und Si, C4.i6-Hydrocarbyicarbonyloxy oder (C9.i6-Aryl) 
35 trialkylslloxy ist. oder beide mit dem 9-Kohlenstoff am Fiuorenring eine Cg^o-'^^^fls*'^'*^'^ ^4-20" 

Ringstruktur bilden konnen. die eine oder mehrere Heteroatome ausgewdhlt aus S, N und 0 enth&lt, 
R2 unabhangig voneinander bei jedem Auftreten C^^go-Hy^^ocarbyl, Ci.go-Hy*^^*^'^®^' C^. 20-Th loether, 
Ci.2o-Hydrocarbyloxycarbonyl, Ci^o-Hy<^''<^carbylcarbonyioxy, Cyano, Thtocyano, C6.i2-Thloaryl. C1.20-AI- 
kylthlo Oder Hydroxy ist, 

40 r3 unabhangig voneinander bei jedem Auftreten Ci.2o-Hydrocarbyl Oder Ci.2o-Hydrocarbyl. substituiert mit 

Di(Ci.2o-alkyl)am!no, C,.2o-Hydrocarbyloxy, Tri(Ci .io-alkyi)siloxy oder C^M-Hydrocarbyl ist, 
a unabhangig voneinander bei jedem Auftreten 0 oder 1 ist und 

m und n null Oder nicht-negative Zahlen sind und die Summe von n und m mindestens 1 betr&gt 
wobei die Polymere eine Polydispersitat von weniger als 5 aufweisen. 

45 

2. Verbindung nach Anspruch 1, worin m gleich 1 und n gleich 0 ist. 

3. Verbindung nach Anspruch 1 , worin m gleich 0 und n gleich 1 ist. 

so 4. Verbindung nach Anspruch 1 , worin die Summe von n und m grdBer als 1 ist. 

5. Verbindung nach Anspruch 4. worin die Summe von n und m mindestens 10 ist. 

6. Verbindung nach Anspruch 5, worin m die 2ahl 1 Oder grfiBer ist und n gletoh 0 oder eine Zahl von 1 oder groBer ist. 

55 

7. Verbindung nach einem der Anspruche 3 bis 6, worin m eine Zahl von 1 bis 1 00 ist und n gleich 0 oder eine Zahl 
von 1 bis 100 ist. 
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8 Verbindung nach einem der Anspruche 1 bis 7. worin E unabhangig voneinander bei jedem Auttreten ein Aryl. ein 
Aryl, das mit einer Hydroxy-, einer Glycidylether-. Acrylatester-, Methacrylatester-. Ethenyl-. Ethinyl-, Maleimid-. 
Nadimid-, Trialkylsiloxy-, Trifluowinylethereinheit substltuiert ist. Oder ein Benzocyclobuten ist. 

9 Verbindung nach Anspruch 8. worin E Halogen. Cyanato, Aryl Oder Aryl. das mit einer reaktiven Gruppe. die ffihig 
ist. Kettenverlangerung Oder Vernetzung zu durchlaufen, substltuiert ist, Oder eine Trlalkylsiloxyelnheit Ist. 

10. Verbindung nach Anspruch 9, worin E Aryl Oder Aryl. das mit einer reaktiven Gruppe. die fShig ist. Kettenverifln- 
gerung Oder Vernetzung zu durchlaufen, substituiert ist. oder eine Trialkylsiloxyeinheit ist 

11. Verbindung nach Anspruch 1 0. worin E eine Phenyleinheit, eine cyanatosubstitulerte Phenyleinheit oder eine Ben- 
zocyclobutenelnheit ist 

12. Verbindung nach Anspruch 10. worin E eine Aryleinheit mit einer reaktiven Acrylat- Oder Methacrylatestergruppe 
entsprechend der Formel 



- OCC(R«) CHPfi 



Oder eine Ethenyleinheit entsprechend der Formel 



- C(R^)= C(R^)H 



ist, worin: 



r5 unabhangig voneinander bei jedem Auttreten Wasserstoff oder C^^-Alkyl ist* 

r6 unabhangig voneinander bei jedem Auttreten Wasserstoff. Ci.20-Hydrocarbyl oder Ci^go-Hydrocarbytoxy 
ist und 

R7 unabhangig voneinander bei jedem Auttreten Wasserstoff, Ci.2o-Hydrocarbyl Oder Ci^-Hydrocarbyloxy 
ist. . . 

13. Verbindung nach Anspruch 11 , v«irln E eine Benzocyclobutenelnheit entsprechend der Formel 



(R«)c (R')e 




ist worin 



R8 unabhangig voneinander bei jedem Auttreten Ci.2o-Alkyl, Ci,2o-Alkoxy, Ci,20-Alkytthio. Ce.2o-Aryi. Ce.20- 
Aryloxy, C6.2o-Arylthlo. C7.2o-Aralkoxy, C7.2o-Alkaryloxy. C7.2o-Alkarylthio. C7.2o-Aralkyl. Cy.ao'Aralkylthio. Cy- 
ano. Carboxylat, Ci.2o-Hyclrocarbytearbonyloxy, Ci^-Hydrocarbylsulfinyl. Ci^-Hydrocarbylsulfonyl. Ammo 

oderCi.2o-t^'a**^®'"'"^^®** ^ ^ lu 

r9 unabhangig voneinander bei jedem Auttreten Cyano. Carboxylat Ci.go-Hydrocarbylcarbonyloxy. NItro, Ha- 
logen. Ci.2o-Hydrocarbylsultonyl. Cv2o-Hyclrocarbylsultlnyl. Ci.go-AlkyI, Amido Oder C^.^Q-Hydrocarbyloxy 1st 
c unabhangig voneinander bei jedem Auttreten 0 oder eine ganze Zahl von 1 bis 3 ist und 
e unabhSngig voneinander bei jedem Auttreten 0 oder 1 ist . 

14. Verbindung nach Anspruch 1, die ein substituiertes Fluren gem&B der Formel I: 
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(I) 



10 



1st worin: 



R^ und wie In Anspruch 1 definiert sind und 
X eine Halogengruppe ist 

IS 15. Verbindung nach Anspruch 3, die ein substltuiertes Fluren gemdB der Formel II: 



20 



2S 




CHR» 



(M) 



30 



1st worin: 

R3 und a wie in Anspruch 1 definiert sind und 
X linabhdngig voneinander bei jedem Auftreten eine Halogengruppe ist 

16. Verbindung nach Anspruch 15, die ein substltuiertes Fluren gemdB der Formel III, 



35 



40 



4S 




CH 



(III) 



ist, worin: 

so r2 und a wie in Anspruch 1 definiert sind, 

R4 unabhSngig voneinander bei jedem Auftreten DI(Ci^o-a>ky*)amino, Ci.2o-Hydrocarbyloxy, Tri(C^^^Q-a\k)f\) 

siloxy Oder C^^-Hydrocarbyl ist und 

b gleich 0 oder eine ganze Zahl von 1 bis 3 Ist. 

ss 17. Verbindung nach einem der Anspruche 4 to 13, die ein Oligomer oder Polymer gemdO der Formel IX, 
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10 

\sX, worin: 

R\ und a wie in Anspruch 1 deftniert sind, 
IS E wie in einem der Anspruche 6 bis 11 definiert ist und 

m grdBer als 1 ist 

18. Verbindung nach einem der AnsprQche 4 bis 13, die ein Oligomer Oder Polymer gemSB der Formel X, 

20 



25 




30 

ist, worin: 

R2, r3, und a wie in Anspruch 1 definiert sind, 
E wie in einem der Anspruche 8 bis 13 definiert ist und 
35 n grd8er als 1 ist. 

19. Verbindung nach Anspruch 18, die ein Oligomer Oder Polymer gemS(3 der Fomnei XI, 



40 



45 




50 ist, worin: 

R2 und a wie in Anspruch 1 definiert sind 
R^ wie In Anspruch 1 6 definiert ist. 
E wie in einem der Anspruche 8 bis 1 3 definiert ist, 
55 b unabhSngig voneinander 0 Oder eine ganze Zahi von 1 bis 3 ist und 

n grOBer als 1 Ist. 

20. Verbindung nach einem der Anspruche 4 bis 13, die ein Oligomer Oder Polymer gemdB der Formel V, 
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ist, worin: 

R"", R2, und a wie In Anspruch 1 definiert sind. 

E wie in einem der AnsprOche 8 bis 1 3 definiert ist, 

wie in Anspruch 16 definiert ist. 
m und n jeweils mindestens 1 sind und 

b unabhdngig voneinander bei jedem Auftreten 0 Oder eine Zahl von 1 bis 3 ist. 

21. Verbindung nach einem der AnsprOche 1 bis 14. 17 und 20. worin R^ C^^^2-^\kyl Cg-io-Aryloder aikylsubstituiertes 
Aryl, C4.i6-Hydrocarbylcarboxyiat Oder (C9.i6-Aryl)triali<yisiloxy ist 

22. Verbindung nach einem der AnsprOche 1 bis 1 4. 1 7 und 20, worin beide R^ eine C5.2o-geradl<ettige oder verzweigte 
Ringstrulctur Oder eine 04.20-9© "^adltettige Oder verzweigte Ringstrulctur mit einem oder mehreren Heteroatomen 
ausgewdhit aus S, N und 0 bilden. 

23. Verbindung nach Anspruch 22, worin beide R^ einen C5.io-a"phatischen Ring oder einen C4.io-aliphd^*®<^^®" ^""9 
mit einem oder mehreren Heteroatomen ausgewahit aus S und 0 bilden 

24. Verbindung nach Anspruch 23, worin beide R^ ein C5.io-Cycloa»<yi oder sauerstoffhaltlges C4.io-Cycloa»cyl bilden. 

25. Verbindung nach einem der vorstehenden AnsprOche. worin R2 Ci.i2-Alkyl. OQ.^o-Ary\ oder all^yisubstituiertes Aryl, 
Ci.^2*A'^o^' Cvi2-Alkoxycarbonyl, Ce.io-Aryloxycarbonyl oder alicylsubstituiertes Aryloxycarbonyi. C,.i2-Alkyl- 
carbonyloxy, C6.io-Arylcarbonyloxy oder alkylsubstituiertes Arylcarbonyloxy. C^io'Aryloxy oder alkylsubstituiertes 
Aryloxy, Cyano, Thiocyano, C6.i2-Thioaryl, C^^-Alkylthio oder Hydroxy Ist. 

26. Substituierte Fiurenverbindung nach Anspruch 25, worin Ci^-AII<oxy, Phenoxy, Ci^-Alkyl, Phenyl oder Cyano 
ist 

27. Verbindung nach einem der AnsprOche 1 bis 13, 15. 18. 25 und 26. worin R3 ein Kohienwasserstoffrest ist, aus- 
gewahit aus Ci^-geradl<ettigen oder verzweigten aliphatischen Resten. C3.2o-gefadi<ettigen oder verzweigten 
aliphatischen Resten mit einem oder mehreren cycloaiiphatischen Ringen. Co^-Arylgruppen und 

stituierten Arylgruppen ist, wobel der Kohienwasserstoffrest mit einem oder mehreren Substituenten ausgew&hit 
aus Di(Ci.2o-alkyl)amino, Ci.2o-Hydrocarbyloxy. Cvao-My^^^^cartjy" ""^ Trl(Ci.io-alkyl)siloxy ist. 

28. Verbindung nach Anspruch 27, worin R^ ein Ci.2o-ge''acl*^ettiger oder verzweigter allphatlscher Rest Ist, ein Cg^o" 
geradkettiger oder verzweigter aliphatischer Rest mit einem oder mehreren cycloaiiphatischen Ringen oder eine 
Phenylgruppe und solch eine Phenylgruppe fakultativ mit einer Di(Ct.2o*alkyl)amino-, C^,20'^y^^^^^^'* ^^-20' 
Hydrocarbyl-, Tri(Ci.io"®'*Q^*)s'*®^" C^j2o'Hy<^TOcaity]ox^einhe\i substituiert sein kann. 

29. Verbindung nach Anspruch 28, worin R3 ein C3.io'anphatlscher Rest, ein C3.io-aliphatischer Rest mit eIner oder 
mehreren cyctoaliphatischen Einheiten, Phenyl oder Phenyl, das mit DKCi.i2-alkyl)amlno, C^.tQ-Alkoxy, Ce-io* 
Aryloxy oder alkylsubstituiertem Aryioxy, C^io-Alkyl Oder Cg^io-Aryl oder alkylsubstituiertem Aryl oder Tri(Ci^- 
alkyOsiloxy substituiert ist 
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30. Verbindung nach Anspruch 29, worin R3 Phenyl Oder Phenyl ist, das mit Di{C^^-alkyl)amino, C^.^Q-Alkoxy Oder 
Ct.to-Alkyl substltuiert Ist. 

31. Verbindung nach einem der Anspruche 18, 19, und 20 bis 26, worin Di(Cvi2-a«kyl)amino. C^.^Q-Alkoxy, Cg^^o- 
5 Aryloxy Oder alkylsubstitulertes Aryloxy. Tri(Ci^-alkyl)siloxy, Ci.io'Alkyl, Oder C6.^o-Aryl Oder alkylsubstituiertes 

Arylist. 

32. Verbindung nach Anspruch 31 , worin Di(Ci^-alkyl)amino, C^io-Alkoxy oder C^.^o-Alkyl ist 
10 33. Verbindung nach Anspruch 31 , worin C^.^Q-Alkyl. CQ.^Q-Ar)fl Oder Cy.iQ-Alkylaryl Ist. 

34. Verbindung nach einem der Anspruche 1 9 bis 26 und 31 bis 33, worin b gleich 1 ist. 

35. Verbindung nach einem der Anspruche 1 bis 14 und 17 bis 34. die ein gewichtsmittleres Molekulargewfcht von 
IS 1 0.000 Oder grd3er und Polydisperslt&ten von 3,0 oder wenlger aufweist. 

36. Substituierte Flurenverbindung nach einem der AnsprOche 1 bis 35, worin a gleich 0 ist 

37. Polymer, das auf einer Verbindung wie in einem der Anspruche 1 bis 34 definiert baslert. 

20 

38. Polymer nach Anspruch 37, erhaltllch durch Umwandlung dieser Verbindung zu dem entsprechenden Dihydro- 
xyorganylboran durch Umsetzen eines 2.7-Dillthlum- oder 2.7-Di-Grignard-Derivats davon mit einem Trialkyiborat 
und Umsetzen des resultlerenden DIhydroxyorganylborans mit einem 2,7-Dihalogenfluren in Gegenwart einer ka- 
talytischen Menge von Tetrakistrlphenylphosphlnpalladium und einer wSBrlgen Base bei 70*0 oder mehr fur 10 

25 bis 100 Stunden in einem Inerten Ldsungsmlttel. 

39. Verfahren zur Herstellung eines 9-substitui8rten Flurenoligomers oder -polymers, umfassend Inberuhrungbringen 
eines oder mehrerer 2.7-Dihalogen-9-substituierter Flurene mit einer halogenaromatischen Verbindung in Gegen-. 
wart eines Katalysators zur dehalogenierenden Kupplung von ArylhalogenWen. 

30 

40. Verfahren zur Herstellung eines 9-substituierten Flurenoligomers oder -polymers, umfassend Inberuhrungbringen 
eines oder mehrerer 2,7-Dlhalogen-9-substituierter Flurene und fakultativ einer oder mehrerer halogenaromatl- 
scher Verbindungen In Gegenwart einer katalytischen Menge eines divalenten Nfckelsalzes, einer mindestens 
stochiometrlschen Menge von Zinkpulver, eines Trihydrocarbylphosphlns In einem poiaren Ldsungsmlttel und ffa- 

35 kultativ einem Col6sungsmittel, das einen aromatischen Kohlenwasserstoff oder Ether enthdit, unter Reaktlons- 

bedingungen, die ausreichen, um das entsprechende 9-substituierte Flurenoligomer oder -polymer auszubllden. 

41. Verfahren nach Anspruch 39 Oder 40, worin das 2,7-Dihalogen-9-substitulerte Fluren der folgenden Fomiel ent- 
spricht, 

40 



45 




so 

worin: 

pi, a, m und n wie In Anspruch 1 definiert sind und 

X eine Halogengruppe ist 

55 

42. Verfahren nach Anspruch 40, worin das 2,7-Dlhalogen-9-substltuierte Fluren wie in einem der Anspruche 12 bis 
14, 19 bis 32 und 34 definiert Ist 
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43. Verfahren nach einem der AnsprOche 39 bis 42, worin die haiogenaromatische Verbindung die Formel X-Ar auf- 
welst, worin X ein Halogen ist und Ar unabhfinglg voneinander be! jedem Auftreten ein Aryl Oder ein Aryl. das mit 
einer Gruppe, die der Verneteung Oder Kettenverl§ngerung fahig ist, substitulert ist, Oder eine Triall<ylsiloxyeinhelt 
ist 

44. Verfahren nach Anspruch 43, worin Ar Aryl oder Aryl, das mit einer Hydroxy-, einer Glycidylether-, einer Acrylate- 
ster-, einer Methacrylatester-, einer Ethenyl-, einer Ethinyl-, einer Maleimid-, einer Nadimid- Oder Trifluorvinyle- 
thereinheit Oder einer Benzocyclobutengruppe substitulert ist. 

45. Verfahren nach Anspruch 44, worin Ar eine Arylgruppe ist. die mit einem Acrylat- Oder Methacrylatester entspre- 
chend der Formel 



O 

II 

— 0CC(R5) « CHR8 



Oder einer Ethenylgruppe entsprechend der Formel 

-c(rVc(r^)h 

substitulert ist, 
worin: 

R5 unabhangig voneinander bei jedem Auftreten Wasserstoff oder Ci^-Alkyl ist. 

R6 unabhSngig voneinander bei jedem Auftreten Wasserstoff, C^^-Hydrocarbyl oder C^^-Hydrocarbyloxy 
1st, 

R7 unabhSngig voneinander bei jedem Auftreten Wasserstoff, Ci.2o-Hydrocarbyl oder C^^-Hydrocarbyloxy 
ist, 

46. Verfahren nach Anspruch 45, worin Ar eine Arylgruppe ist. die mit einem Benzocyclobuten entsprechend der For- 
mel, 




substitulert ist, 
worin 

R8 unabhangig voneinander bei jedem Auftreten Ci.2o-Alkyl. Ci.go'AIkoxy, C^zo-Aii^yfthlo, C6.2o-Aiyl, Ce-zQ- 
Aryloxy. Ce-ao-Arylthio. Cy^gQ-Arall^oxy. Cy.ao'All^aryioxy. C7.2o-All^arylthio, C7.2o-Aralkyl. Cy.go-Aralkytthio, Cy- 
ano. Carboxylat. C^.jo-Hydrocarbyicarbonyioxy, Ci^o-Hyc'''ocarbylsulfonyi, Ci^ao-Hydrocarbylsulfinyi. Amino 

Oder Ci.2o*l^i&lkyl&'^'"o ist 

R9 unabhdngig voneinander bei jedem Auftreten Cyano, Carboxylat. Ci.2o-Hydrocart3ytcartDonyloxy, Nitro, Ha- 
logen, Ci.2o-Hydrocarbylsulfonyl, Ci.2o-Hydrocart3ylsulfinyl, Ci^-Alkyl. Amido oder Ci^ao-Hydrocarbyloxy Ist. 
b unabhdngig voneinander bei jedem Auftreten 0 oder eine ganze Zahl von 0 bis 3 Ist, 
c unabhSngig voneinander bei Jedem Auftreten 0 Oder eine ganze Zahl von 1 bis 3 ist und 
e unabhdngig voneinander bei jedem Auftreten 0 oder 1 ist. 
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47. Verffahren nach einem der Anspruche 39 bis 46. worin das Molverhaltnis von 2,7-Oihalogen-9-substituiertem Fluren 
zu hatogenaromatischer Verbindung von 0,5:1 bis 50:1 reicht 

48. Verfahren nach Anspruch 47, worin das Verfahren in Gegenwart eines divalenten Nickelsalzes, das In elner Menge 
von 0,01 to 20 Mol-%, bezogen auf die Menge von halogenaromatische Verbindung und 2,7-Dihalogenfluren vor- 
liegt, Zinl<pulver, das in einer Menge von 100 Mol-% bis 300 Mol-%, bezogen auf halogenaromatische Verbindung 
und 2,7- Dihalogenfluren vorliegt, Triarylphosphin, das in einer Menge von 10 bis 50 Mol-%. bezogen auf halo- 
genaromatische Verbindung und 2,7- Dihalogenfluren, und einer Verbindung, die fShIg ist, die Reaktion zu be- 
schleunigen und In einer Menge von 100 bis 150 Mol-%. bezogen auf das divalente Salz, durchgefOhrt wird. 

49. Ein 9-substitulertes Flurenpolymer, erhaltlich durch einen Prozess wis in Anspruch 39 definiert. 

50. Eine Folie aus einem Oligomer Oder Polymer wie in einem der Anspruche 4 bis 13, 17 bis 38 und 49 definiert. 

51. Beschichtung aus einem Oligomer oder Polymer wie in einem der Anspruche 4 bis 13, 17 bis 38 und 49 definiert. 

52. Polymere lichtaussendende Diode, die eine Folie oder eine Beschichtung aufwelst, wie in Anspruch 50 oder 51 
definiert. 



Revendlcatlons 

1. Compost de formute : 




(IV) 



dans laquelie : 

chaque E est ind^pendamment un halog^ne, I'hydrogdne ou un radical aryle ou aryle substitu^ par un groupe 
r^actif pouvant subir une extension de chaine ou une reticulation ou un groupe trialkylsiloxy ; 
chaque est ind^pendamment un radical hydrocarbyle en ^ Cgo ou hydrocarbyle en C-^ &C20 contenant 
un ou plusieurs h6t6roatomes choisis parmi S. N, O, P et Si ; hydrocarbylcarbonyloxy en C4 k C^^, ou (aryl 
en Cg £1 C^e)trlalkylslloxy, ou blen deux R\ ensemble avec I'atome de cartx^ne 9 du cycle fluorine, peuvent 
former une structure cyclkiue en C5 k C20 ou une structure cycllque en C4 k C20 contenant un ou plusieurs 
* h^t^roatomes choisis parmi S, N et O ; . _ 

chaque R2 est ind6pendamment un radical hydrocarbyle en k C20* hydrocarbyloxy en k C20. thlo6ther 
en k C20. hydrocarbytoxycartwnyle en k C20. hydrocarbylcarbonyloxy en k C201 cyano, thiocyano, 
thioaryle en Ce k 0^2* aikylthio en k C20 ou hydroxy ; 

chaque R^ est ind6pendamment un radical hydrocarbyle en C20 ou hydrocarbyle en k C20 substltu6 
par un radical di(alkyl en k C2o)amino, hydrocarbyloxy en k C20. tri(atkyl en k Cio)siloxy ou hydro- 
carbyle en k C20 ; 

chaque a vaut Inddpendamment 0 ou 1 ; et 

m et n valent 0 ou sont des entiers non n^gatifs. et la somme de n et m est au moins 6gale k^, 
dans lequel les potym^res ont une polydisperslt^ infdrieure k 5. 

2. Compose salon la revendtoation 1 , dans lequel m vaut 1 et n vaut 0. 

3. Compose seton ta revendication 1 , dans lequel m vaut 0 et n vaut 1 . 

4. Compose seton la revendication 1 , dans lequel la somme de n et m est superieure & 1 . 



41 



EP 0 842 208 B1 

5. Compost selon la revendication 4, dans lequel la somme de n et m vaut au moins 10. 

■ . 

6. Compost selon la revendication 5, dans lequel m est un nombre 6gal ^ 1 ou plus et n vaut 0 ou est un nombre 
6gal k 1 ou plus. 

7. Compost selon Tune quelconque des revendications 3^6, dans lequel m est un nombre de 1 ^ 100 et n vaut 0 
ou est un nombre de 1 ^ 100. 

8. Compost selon I'une quelconque des revendications 1^7, dans lequel chaque E est Ind^pendamment un radical 
aryle ; aryle substitu6 par un groupement hydroxy, glycidyl6ther, acrylate (ester), m^thacrytate (ester), ^th^nyle, 
^thynyle, mal^imide, nadimide, trialkylsitoxy. trifluorovtnyt^ther ; ou benzocyclobutdne. 

9. Compost selon la revendication 8, dans lequel E est un halog^ne ou un radical cyanato, aryle ou aryle substitu^ 
par un groupe r^actlf pouvant sublr une extension de chaTne ou une reticulation ou un groupement triaikylsiloxy. 

10. Compost seton la revendication 9. dans lequel E est un radical aryle ou aryle substitu6 par un groupe r^actif 
pouvant sublr une extension de chaTne ou une reticulation ou un radical triaikylsiloxy. 

11. Compose selon la revendication 10, dans lequel E est un groupement phenolique, ph^nyle ^ sut:>stitution cyanato 
ou benzocyclobutene. 

12. Compose selon la revendication 10, dans lequel E est un groupement aryle ayant un groupe reactif acrylate ou 
methacrylate (ester) correspondant k la formule : 



— occ(rVchr* 

ou un groupement ethenyle correspondant k la formule : 

-C(R^)=C(R^)H 

dans iesquelles : 

chaque est independamment I'hydrogene ou un radical alkyle en Ci S C4 ; 

chaque R^ est independamment t'hydrogene ou un radical hydrocarbyle en C| e C20 ou hydrocarbyk>xy en 
Ci ^iC2o;et 

chaque R^ est independamment I'hydrogene ou un radical hydrocarbyle en C| & C20 ou hydrocarbytoxy en 
C^ k C20* 

13. Compose selon la revendication 11, dans lequel E est un groupement benzocyclobutene correspondant k la 
formula : 




dans laquelie : * - 

chaque R® est independamment un radical alkyle en C^ k C2o> alcoxy en k CgQ. alkylthio en k C20, aryte 
en Ce k C2o> aryloxy en Cg k Czo* arylthio en Cq k C20* aralcoxy en C7 d Csq. ak:arytoxy enCjk €20* alcarytthto 
en C7 e C20. aralkyle enCjk C20. aralkytthio enCjk C^o* cyano, carboxylate. hydrocarbyteartionytoxy en 
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k C20. hydrocarbylsulflnyle en k C20. hydrocarbylsulfonyle en k C20. amino ou dialkylamino en ^ C20 ; 
chaque est Ind^pendamment un radical cyano, carboxytate, hydrocarbylcarbonyloxy en & C20. nitro, 
lialog6no, hydrocarbylsulfonyle en 6 C20, hydrocarbylsulflnyle en k C20. ali<yle en k C20. amido ou 
hydrocarbyloxy en k C20 ; 
5 chaque c est ind^pendamment 0 ou un entier de 1 ^ 3 ; et 

chaque e est ind^pendamment 0 ou 1 . 

14. Compost selon la revendication 1 . qui est un fluorine substitud oonforme k la fonmute I : 



IS 




dans laqueile : 

20 

R2 sont tels que d^finis dans la revendication 1 et 
X est un groupement halog^ne. 

15. Compost selon la revendication 3, qui est un fluorine substltud conforme k la formule II : 

25 



30 




(II) 



35 dans laqueile : 

R2. R3 et a sont tels que d^f inis dans la revendication 1 ; et. 
chaque X est ind6pendamment un groupement halogdne. 

40 16. Compost selon la revendication 15, qui est un fluorine substitu6 conforme k ta fonnule III : 



45 



so 




(III) 



55 dans laqueile : 

r2 et a sont tels que d^fints dans ia revendication 1 ; ... 
- ■ chaque R^ est ind6pendamment un radical di(allcyl en k C2o)amino. hydrocarbyloxy en k C20* tri(a»<yl 
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10 



en Ci ^ Cio)siloxy ou hydrocarbyle en & C20 : et 
b est 0 ou un nombre de 1 3. 

17, Compost selon I'une quelconque des revendicatlons 4 k 13. qui est un oligom^re ou polymfere conforme k la 
formula IX : 




(IX) 



IS 



20 



25 



30 



dans laquelle : 

Ri, R2 et a sent tels que d6flnis dans la revendication 1 ; 

E est tel que d6flni dans I'une quelconque des revendlcations 6 A 11 ; et 

m est sup6r1eur ^ 1 . 

18. Compos6 selon rune quelconque des revendlcations 4 k 13, qui est un oligomfere ou polym6re conforme k la 
formule X : 




(X) 



35 



40 



dans laquelle : 

p3 et a sont tels que ddfinis dans la revendication 1 ; 
E est tel que d6finl dans I'une quelconque des revendlcations 8 A 1 3 ; et 
nestsup^rieur&l. 

19. Compos6 selon la revendication 18, qui est un oligomfere ou po!ym6re confonne k la formule XI 



45 



SO 




(XI) 



55 



dans laquelle : 

r2 et a sont tels que d^finls dans la revendication 1 ; 

est tel que d^finl dans la revendication 16 ; 
E est tel que d6fini dans Tune quelconque des revendlcations 8 613; 
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b est ind^pendamment 0 ou un nombre de 1 & 3 ; et 
nestsupdrieur^ 1. 

20. Compos6 selon Tune quelconque des revendicatlons 4 13. qui est un oligom^re ou polym^re conforme k la 
5 formule V : 



10 



IS 




20 dans laquelle : 

Ri , R2 et a sont tels que d^finis dans ta revendication 1 ; 
E est tel que d^fini dans Tune quelconque des revendications 8^13; 
R4 est tel que d^fini dans la revendication 16 ; 
25 m et n valent chacun au moins 1 ; et 

cheque b est indSpendamment 0 ou un nombre de 1 & 3. 

21. Compost selon Tune quelconque des revendications 1 A 14, 17 et 20, dans lequel est un radical alkyle en C, 
6 Ci2. aryle ou aryle d substitution alkyle en Cg d C,op hydrocarbyle en C4 ^ C^g. carboxylate ou (aryl en C9 ^C^e) 

30 trIalMsiloxy. 

22. Compost sek>n I'une quelconque des revendications 1 & 1 4, 1 7 et 20, dans lequel les deux R^ torment une structure 
cyclique & chaTne droite ou ramifi^e en C5 & C20 ou une structure cyclique k chaTne droite ou ramifide en C4 k C20 
contenant un ou plusieurs hdtdroatomes cholsts parmi S, N et O. 

35 

23. Compos6 selon la revendication 22, dans lequel les deux R^ torment un cycle aliphatique en C5 Ik C^o ou un cycle 
aliphatique en C4 d C^q contenant un ou plusieurs h^t^roatomes choisis parmi S et O. 

24. Compose selon la revendicatton 23, dans lequel les deux R^ torment un radical cycloalkyle en C5 k C^Q ou cy- 
40 cloalkyle en C4 k Cto contenant de I'oxyg^ne. 

25. Compost selon I'une quelconque des revendications pr6c6dentes, dans lequel R^ est un radtoal alkyle en k 

aryle ou aryle k substitution alkyle en Ce ^ Ciq. alooxy en k C12. alcoxycarbonyle en k C12. arytoxy- 
carbonyle ou aryloxycarbonyle k substitution alkyle en Cg 6 C^o. alkylcarixjnytoxy en k C12. arylcarbonyloxy 
45 ou arylcarbonyloxy k substitution alkyle en Cg 6 C^q, aryloxy ou aryloxy k substitution alkyle en Qg & Ciq. cyano, 

thiocyano. thioaryle en Cg k 0^2* aikylthio en k C20* ou hydroxy. 

• 

26. Compost de fluordne substitu^ selon la revendication 25, dans lequel R? est un radteal akx>xy en k C4, ph^noxy, 
alkyle en k C4. ph6nyle ou cyano. 

50 

27. Compost seton i*une quelconque des revendications 1 ii 13. 15. 18. 25 et 26. dans lequel RP est un radtoal hy- 
drocarbyle choisi parmi les radicaux aliphatiques k chaTne droite ou ramifi^e en 6C20. les radicaux allphatiques 
k chains droite ou ramifi6e en Cg 6 C20 contenant un ou plusieurs cycles cycloaliphatiques, les radicaux aryle en 
Cq k C20. at les radicaux aryle en C7 6 C20 k substitution alkyle dans lesquels le groupement hydrocarbyle est 

55 6ventue1lement substitu^ par un ou plusieurs substltuants choisis parmi les radicaux di(aikyl en k C2o)amino, 

hydrocarbyloxy en k C20. hydrocarbyle en k C20 et tri(alkyl en k Cio)siloxy. 

28. Compost sek^n la revendicatton 27. dans lequel R^ est un radical aliphatique k chatne droite ou ramifi6e en & 
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C20. radical aliphatique k chaTne droite ou ramifi^e en C3 6 C20 contenant un ou plusleurs cycles cycloalipha- 
tlques ou un groupement ph§nyle et ce groupement peut 6ventuellement 6tre substltud par un groupement di(alkyl 
en C, h C2o)amlno, hydrocarbyle en k C^, trl(alkyl en Ci k Cio)siloxy ou hydrocarbyloxy en k C20. 

29. Compost selon la revendicatlon 28, dans lequel est un radical aliphatique en C3 6 C^q* radical aliphatique 
en C3 k Cio contenant un ou plusieurs groupements cycloaliphatiques, un radical phdnyle ou ph^nyle sut)stitu6 
par un radical di(alkyl en d Cio)^"^'"^' radical alcoxy en k C^q, aryloxy ou aryloxy k substitution alkyle 
en Ce k C^o* sAky\e en k C^q ^^'^ ^'V'® ^ substitution alkyle en ^ C^q tri(al)^i en k C4)siloxy. 

30. Compost sebn la revendicatlon 29, dans lequel est un radical ph^nyle ou phdnyte substitu6 par un radical dl 
(alkyt en k C5)amlno, alcoxy en C^q atkyle en k C^o- 

31. Compost selon Tune quelconque des revendlcattons 18, 19, et 20 k 26, dans lequel R* est un radical di(alkyl en 
Ci k Ci2)amino, alcoxy en k C^o» aryloxy ou aryloxy k substitution alkyle en Cg C^q, trl(alkyl en k C4)siloxy. 
alkyle en k C•^Q, ou aryle ou aryle k substitution alkyle en Cg k C^o* 

32. Compost selon la revendicatlon 31, dans lequel est un radk:al di(alkyl en k Ce)amino, ateoxy en k C^q 
ou alkyle en k C^q. 

33. Compost selon la revendicatlon 31 , dans lequel R^ est un radteal alkyle en k C^q. aryle en Ce d C^q ou alkylaryle 
en C7 k CiQ. ■ 

34. Compost selon I'une quelconque des revendications 1 9 ^ 26. et 31 k 33, dans lequel b vaut 1 . 

35. Compost selon Tune quelconque des revendksations 1 14, et 17 & 34, qui a un pokis mol^culaire moyen en 
pokJs de 1 0 000 ou plus et une polydlsperslt^ de 3,0 ou moins. 

36. Compost de fluor&ne substitud selon I'une quelconque des revendlcattons 1 & 35, dans lequel a vaut 0. 

37. Polymdre k base d'un compost tel que d^fini dans Tune quelconque des revendications 1 ^ 34. 

38. Polym6re selon la revendicatlon 37i pouvant §tre obtenu par conversion dudit compost en I'acide diboronique 
con^espondant par reaction d'un 6kmk 2,7-dilithio ou 2,7-di(Grignard) de celul-ci avec un borate de trialkyle et par 
reaction de I'acide diboronique resultant avec un 2,7-dihalog^nofluor6ne en presence d'une quantity catajytk^ue 
de t^trakis-triph^nylphosphlne-palladlum et d'une base aqueuse k 70^C ou plus pendant 10 li 100 heures dans 
un solvent inerte. 

39. Proc6d6 pour preparer un oligonn^re ou polym^re de fluorine 9-substitu6, qui comprend la mise en contact d'un 
ou plusieurs 2,7-dihalog^nofluor^nes 9-substitu6s avec un compost halog^noaromatique en presence d'un ca- 
talyseur pour le couplage par d^shalog^nation d*hak>g6nures d'aryle. 

40. Procdd6 pour preparer un ollgom^re ou polym^re de fluorine 9-substitu6, qui comprend la mjse en contact d'un 
ou plusieurs 2,7-dihalog6nofluor6nes 9-substltu6s et ^ventuellement d'un ou plusieurs composds hak>g6noaro- 
matiques, en presence d'une quantity catalytique d'un set de ntekel divalent, d'au moins une quantity stoeGtik>m6- 
trique de poudre de zinc, d'une trihydrocarbylphosphine dans un solvent polaire et d'un co-soh^ant facultatif com- 
prenant un hydrocarbure aromatique ou de rather, dans des conditions r^actionnelles suffisantes pour former 
roligom^re ou polym^re de fluorine 9-substitu6 correspondent 

41. Proc^dd selon la revendicatlon 39 ou la revendlcatton 40, dans lequel le 2,7-dihalog6nofluordne 9-substitu6 cor- 
respond k la formule suivante : 
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dans laquelle : 

Ri , R^, R^. a, m et n sont tels que d^ftnis dans la revendication 1 ; et 
X est un groupement halog^ne. 

42. Proc6d6 selon la revendication 40, dans lequel le 2,7-dihalog6nofluor6ne 9-substitu6 est tel que d6flnl dans I'une 
quelconque des revendications 12 d 14. 1 9 ^ 32 et 34. 

43. Proc6d6 selon rune quelconque des revendications 39 k 42, dans lequel le compost halog^noaromatlque est de 
formule X-Ar ou X est un halogfene et chaque Ar est ind^pendamment un groupement aryle ou aryle substltu6 par 
un groupement pouvant sublr une reticulation ou une extension de chame ou un groupement trialkylsiloxy. 

44. Proc6d6 selon la revendication 43, dans lequel Ar est un radical aryle ou aryle substitu6 par un groupement hydroxy, 
glycldyldther. ester acrylate. ester m^thacrylate, 6th6nyle, 6thynyle, mal6imide, nadimide ou trlfluorovinyl6ther ou 
un radical benzocyclobutdne. 

45. Proc6d6 selon la revendication 44, dans lequel Ar est un groupe aryle substitu6 par un acrylate ou m^thacrylate 
(ester) correspondent k la formule : 

■ o.. 

— bCC(RVcHR* 

ou un groupement 6th6nyle correspondent k la formule : 

^(R^)=C(R^)H 

dans tesquelles : 

chaque R^ est ind^pendamment I'hydrog^ne ou un radical alkyle en ^ C4 ; 

chaque R^ est ind^pendamment rhydrogdne ou un radical hydrocarbyle en C| & C20 ou hydrocarbyloxy en 
chaque est ind^pendamment I'hydrogfene ou un radical hydrocarbyle en C| & C20 ou hydrocarbyloxy en 

k C20- 

46. Precede selon la revendication 45. dans lequel Ar est un groupe aryle substitu6 par un benzocyclobutdne corres- 
pondent k la formule : 




dans laquelle : 
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chaque est Ind6pendamment un radical alkyle en ^ Cgo. alooxy en 6 Cao. alkylthio en k Cgo. aryle 
en Cfi 6 C20. aryloxy en Cg k Cgo. arytthio en Cg k Cgo. aralcoxy enCjk C20. alcaryloxy en C7 k C^, alcarylthK) 
en C7 k C20. aralkyle en C7 ^ C20. aralkylthio en C7 6 C20. cyano, carboxylate. hydrocarbylcarbonytoxy en 
k C20. hydrocarbylsulfonyle en k C20, hydrocarbylsulfinyle, amino ou dialkylamino en C, ft C20 ; 
chaque est ind6pendamment un radical cyano. carboxylate. hydrocarbylcart>ony!oxy en ft Cgo, nitro. 
halogftno, hydrocarbylsulfonyle en ft C20. hydrocarbylsulfinyle en ft C20. alkyle en ft C20. amido ou 
hydrocarbyloxy en ft C20 ; 

chaque b est ind^pendamment 0 ou un entier de 1 ft 3 ; 
chaque c est ind6pendamment 0 ou un entier de 1 ft 3 ; et 
chaque e est ind^pendamment 0 ou 1 . 

47. Proc6d6 selon Tune quelconque des revendications 39 ft 46. dans lequel le rapport molaire du 2.7-dihalogftno- 
fluorftne d-substltuft au composft hatogftnoaromatique est de 0,5/1 ft 50/1 . 

48. Procftdft selon la revendlcatksn 47, dans lequel le procftdft est mis en oeuvre en prftsence d'un sel de njckel divalent 
present en une quantltft de 0,01 ft 20 % en moles par rapport ft la quantltft de composft hatogftnoaromatique et 
de 2,7-dihalog6nofluor^ne, de poudre de zinc pr6sente en une quantltft de 100 ft 300 % en moles par rapport au 
compose halog§noaromatique et au 2.7-dihalog6nofluorfene. de triarylphosphlne pr6sente en une quantitft de 10 
ft 50 % en moles par rapport au compost halog6noaromatique et au 2,7-dihalog6nofluorftne. et d'un composft 
pouvant accftlftrer la rftaction present en une quantitft de 1 0 ft 1 50 % en moles par rapport au sel divalent 

49. Polyrhfere de fluorftne 9-substltu6 pouvant fttre obtenu par un procftdft tel que dftfinl dans la revendication 39. 

50. Film d un oligomftre ou polymfere tel que dftfini dans Tune quelconque des revendicattons 4 ft 13. 17 ft 38 et 49. 

51. Revdtement d'un oligomftre ou polymftre tel que d6fini dans Tune quelconque des revendteattons 4 ft 13, 17 ft 38 
et49. 

52. Dtode polymftre ft luminescence comprenant un film ou revetement tel que dftfini dans la revendicatton 50 ou la 
revendtoatlon 51 . 
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